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PBEFACE. 

The design of the present work is to fnmisli a text- 
book on Geology^ adapted to the limited time allotted to 
the study of this department of science in the majority of 
high-schools, academies, and coUeges. . 

Intimately connected as Greology is with the great in- 
dustrial interests of the country — especially with mining 
and agriculture— and constituting also an important mem- 
ber of the circle of the sciences, its place as an element in 
an English educ&.tional course is daily becoming more and 
more recognized. At the same time, the general educa- 
tional requirement is, not for minute, detailed instruction 
(since comparatively few students have either the time or 
inclination to render themselves experts), but rather for 
the commtmication of such general, comprehensive views 
of the principles of Geology as shall prove most practically 
useful to those who propose to engage in other than 
scientific pursuits. With this view, the Author, in the 
present work, has endeavored to avoid that elaborate dis- 
cussion of facts and theories, and that excessive use of ^ 
technical terms which render some learned text-books so 
repulsively dry and wearisome to beginners ; but, on the 
contrary, without sacrificing scientific exactness and com- 
pleteness, has aimed to interest, as the most efficient way 
to instruct. , 



Vi PBEF ACE. 

In the preparation of the work^ the author lays no claim 
to originality; but he has drawn from a multitude of 
sources such material— statements and iUustrations— as 
has seemed most desirable for presentation to beginners. 
To the elementary tieatises ci Page cmd Jukes^ (which at 
present hold the first place as elementary text-books on 
geology in Great Britain), he is, however, especially in- 
debted for many suggestions. Great pains have also been 
taken to render the work in every respect correct, and in 
fuU accordance with the v^ latest results of scientific 
researcL 

. In ctmformity with the general s^itiment of teachers, 
questions have been a{)pended to the text. It is sug- 
gested, however, that the student be not required to com- 
mit to memory any part of the text verbatim, but rather 
that he should mak^ himself fully acquainted with Ihe 
subject generally. 

For further hints and suggestions relative to the study 
of Geology, reference is made to the Appendix. 

TiBauAST, 1861. 
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FIRST PRINCTFLES OF GEOLOGY. 
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INTRODUCTORY OUTLINE. 

•1. fieology (from the Greek 717, the earth, and Aoyo^, 
discourse) is that department of natural science which 
treats of the structure and miuCTal constitution of the 
earth ; the successiye changes which have taken place in 
the organic and inorganic kingdoms of nature, and the 
agencies by which such changes have been effected.* 

2. The science of geology" admits (^ diyisioa into seyeral departments^ or 
sob-sciences^ which are somewliat arbitrarily yaried by different writers. The 
divisions, however, most generally recognized and adopted for convenience of 
study or reference, are as follows : — 

(1.) Descriptive^ or Phenomenal Geology, which treats ofj 
the appearance, arrangement, and physical condition of the materials constitut- 
ing the earth's structure. It embraces, to scnne extent, the same topics aa 
Physical Geography. 

* " It is not easy to give an accurate and comprehensiye definition of the sdenee of 
geol(^y. It is, indeed, not so much one science, as the application of all the physical 
idaices to the examination of the stractore of the earth, the investigation of the processes 
eoncemed in the producti<»i of that structure, and the history of their action. Ttiat this 
la^e view of geology is not only a true but a necessary one, is sbovn by the &ct, that 
it yna not until considerable advances had been made in all the phjrsical sdences which 
rdate directly to the earth, that geology could b^;in to exist in any worthy form. It 
was not nntU the chemist was able to explain the nature of the mineral substances of 
which rocks are composed ; not tin the geographer and meteorologist had explored the 
■orface of the earth, and taught us the extent of land and water, and the powers of 
winds, currents, rains, graders, earthquakes and volcanoes ; not untn the naturalist had 
dassified, named, and described the greater part of existing animals and plants, and ex* 
plained their anatomical structure, and the laws of their distribution in space ;— that 
the geologist could, with any chance of arriving at surd and definite results, oommenoe 
Us researches into the structure and composition of rocks and the causes which pro- 
duced them, or .utQize his discoveries of the remains of animals and plants that ar0 in- 
dosed in them. He could not until then discriminate with certainty between igneous 
and aqueous rocks, between living and extinct animals, and was, therefore, unable to lay 
down any one of the foundations on which his own science was to rest** — Eneyclapedia 
Britarmiea, Sth acHe<on, vol. xv. 

1* 



10 FIRST PRINCIPLES OF GEOLOGY. 

(2.) Dynamical or Physical Geology, which consiclers the na- 
ture, action and origin of the forces or agencies hj which the structore of the 
earth has been changed and modified. 

(3.) Paleontology (from iraXaioCt andent^ ovTa^ beings and Aoyo^, dis« 
conrse) or Organic Geology, which restricts itsdf exclusively to a con- 
sideration of the remains of animals and plants found imbedded in the rocky 
structure of the earth — ^their organization and relations to the races now liv- 
ing, and the laws which have regulated the distribution of life, both in space 
and time, upon the surface of our planet. ( 

(4.) Practical, or Economical Ge<»Ugy, which treats of the 
applications of geological science to industrial or economic purposes, such as 
agrioultur^, curcbitecture^ civil engineering, mining, etc . 

3. Geology at one period was regarded as a bnuich. of 
mineralogy, but the connection of tiie two sciences extends 
only 60 far as the latter classifies and eharactmzas a largo 
portion of the objects employed by geology aa evidence of 
its statements. 

Mineralogy may be defined to be that branch of natural 
science which treats of the forms, properties, ohemical com- 
position and distribution of the mineral substances that 
enter into the constitution of the earth. 

AU terrestrial matter that is not animal or vegetable, in- 
cluding air and water, is regarded as mineral. 



CHAPTER L 



GEajTERAL RELATIONS, STRUCTURE, AND CONSTITUTION OP 

THE EARTH. 

4. Planetary Relations.— The earth is one of the plan- 
etary bodies constituting the solar system, and performs an 
annual revolution about the sun, at a mean distance of 
95,000,000 miles, in an orbit varying a little from that of 
a circle. It also completes a revolution daily, upon an 
axis, which is inclined 23°, 2? to the plane of its orbit. ' 



QuzBTioiTB. — ^Define geology? What general divisionB of the satject are recognized f 
Define mineralogy? What proportion of terrestrial matter may he regarded as mineral ? 



GBNEBAli KKLATIONS, ETC., OF THE EARTH. 11 

A ooimection between tho planetaty i^ftttoiM oi fbe eu^ md its external 
gec^ogioal etractiuFe may not at first be read^ apparent, bat alnief oonsider- 
ation <^ a few facts will render this evident For example^ ttie distribirtioii 
of light and heat and the cdtemation of aeasooB are entlrdy dependent npoa 
the distance of the earth fix>m the son, upon the earth's periodic motioDS, and 
npon the inclination of its axis of rotation ; and any change in these condi- 
tioiis wonld. ocoasion a change in all meteorological agencies and phenomena^ 
and consequently afifect the distribution or even continuance of animal and 
YegetaiUe life ; furthermore, a diange in the position of the earth's axis of 
rotation would necessarily involYB a change in the entire sur&oe ooofigoration 
of tiie globe, InaBmnch as the present distribution of land and sea would be 
altered, as w^ as the course of all rivers imd <he iiiiuenoe of the tides, hx 
&et, it has been assumed by some authwities that dianges of this diaracter 
must be admitted, in order to account satis&ctorily for the convulsions which 
geology demonstrates to have taken place in past ages upon the sur&ce of our 
planet* 

5. Fignre of the Earth.— The form of the earfli is that 
of a sphere^ flattened at the poles — ^technically, an oblate 
spheroid. 

Measored from north to south— ^that is, firom p(^ to pole— the diameter of 
the earth is 1B99'1 miles ; while^ meaeored from east and west through the 
equator, the diameter is '7025 '6 milea The equatorial diameter thus exceeds 
the polar 26*5 miles, thereby giving to each hemisphere a compression of 
1B\ miles. This difference in diametrical measurement is more than four times 
tike height (29,000 feet) of the loftiest mountain upon the sur&oe of the earth. 

The form under which atoms of matter group themselves, in obedieuoe to 
the law of their mutual attraction, and uninfluenced by any other f(»ce, is 
always that of a sphere ; and such must have been the idiape assumed by the 

QiJwnoirB.--l8 tliere aay ooiiiie«ittoB between the pktoetary rdaHofM of 4he eurCh weA 
itigeologlMJstnietiurer Whfttisl^figiuieor tbe eatthf Wluik tti dimeiialoMr Un- 
dm irhat eiretunBtaiioei wfll atoac of matter groop Chema^yet la the form of % ^henf 



* The dependesee of ilie Udea, whSefa are unong the most permanent uid important 
agenia oo&oerned in prodnoing geological ebangea, npon tiie attractive force of tbe ran 
and moon is aniversallj admitted ; bnt the &et that ali ** water-power** (tn f^ ordinary 
aeoeptatioB of tbe term) npon the earth*8 sorfiMe ia, e<iBally with the tideB» the reanlt of 
Ml extra terrestrial inflnenee, is not so generally recognized. This will, however, be ob- 
vioss, if we oonrider that tiie momentum, or power acquired by water in falling Arom a 
Ugher to a lower levd through the action of gravity, is the exact measore of a force which 
•rtglnally lifted the water to the elevation firom whence it falls, and Oat this primary Uft- 
lag power is heat ;— heat derived from the sun, whieh, in Itoes of invidble foroe, draws 
np the water as vapor from the surface of the sea to the height where, through condensa- 
tion, it becomes specifically heavier than the atmosphere, and descends as rain, rivulets, 
waterfalls, and rivers to ito original location. '« All the rivers run into ^eeea^ yet is aot 
the sea fhll ; nnto the place whence ttie rivers come thither they return ^^n.'* 

Numerous other facte of like oharaeter might be adduced fllostrative of the extent to 
wfaidi ft eomMction ean be traced, either direcUy or indirectly, between the planetary re- 
lations of the earth and ite external geolegieal stmetnre. 
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earth at tiie begimuBg; sapponng its masB to haye oonsutedof yidldingi semi- 
&iid materia^ and proTided it Femained at rest upon its azia. The moment^ 
however, that rotation upc»i an axis omnmenoed, its fonn must have changed 
fiom that of a sphere to a sfdieroid, in virtiie of the centrifngal force generated, 
which exerts itself at right angles to the axis of rotatum, and in pnq>ortion 
to the distance from that axis ; — ^thereby producing a bulging of the earth's 
mass at that part of its sur&ce where the distance from the axis is greatest^ 
tL 6, at the equator.* 

Although we may not be able to afiOrm poBitiyel7 that the entire earth ever 
was in a plastic or semi-fluid condition, jet^ in connection with certain gedog- 
ical q)eculation8, it is interesting to know that its figure is sudi as would 
necessarily arise from the rotation of a yielding mass around its own axis. 

6. Density of the Earth.— The mean density of the 
earth is at least five times that of waterf (or ahout one 
half that of silver) ; but the actual mean density of the 
rocky substances most common on its surface is not more 
than half as great, or about 2*6. Hence the density of the 
earth increases from the surface toward the center. 

These &cts have induced a supposition that the earth, in its interior, must 
be composed of materials differing in composition or condition from those 
which make up its external structure ; since, with a correspondence through- 
out of composition, and the law of gravitation acting uniformly toward the 

QuEsnoirs.— Under what inflaeneea irill a iph^re become a spheroid? What is the 
denii^of the e^th? ______^____________________ 

* An experiment striking^j fflostrative of these fkcts may he performed as foUoirs ; 
oil irill float npon the surfoce of water, but will sink to the bottom of strong alcohol ; if^ 
therefore, we take a portion of alcohol in a glass and drop into it a globule of oliye oil, 
the qiirit wfll float abpre, and the oU will assume the form of a flattened spheroid. If 
DOW we add a littte water and n)ix it carefoUywith the s^t, without breaking the float- 
ing mass of oi}« it will be seen to swim high|Br and present less flatness, and by conttnning 
to careftilly add water until the mixture and the oil correq^ond in specific grarity, we may 
at last bring tbe fl^bn^e to the very center of the fluid, wheret it will assume the form of 
a perfect spWa Ut under these drcumstanoes, a slender wire is passed through the 
OMiter of the oil s^bule and rotated, we lutve Immediately a flattened spheroi4t whidi 
will become more so as we increase the speed of rotation, until it spreads out into a sheet 
of oil, still held by the rerolring wire. If the rate of revolution is still Airther increased, 
we have a very remarkable result— a ring of oil separates from the rest, which, although 
there is no apparent connection between it and Its center, still moves at a uniform rate 
witili it ; thus giring a miniature representation of the phenomenon of the ring of Satom. 

t Distilled water, at a temperature of ^* Fahrenheit, is adopted as the standard of 
comparison. 

The density of the earth Is obtained by comparing the relative attracting power of par- 
ttonlar monntaias, or smaller masses of matter, with that of the whole g^be, and by 
comparing the oscillations of a pendulum at the surface of the earth, with those of an 
equal pendulum at a depth below the sor&ce, as in a mine. In this last case, the diflbr- 
enoe of the rates of the two pendulums would indicate the diffurent force of graviUtlon at 
the two positions; and hence the density of the earth. 
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center, the d^usity of aU ocdmary rocks, at a very inoonsiderable depth, 
wonld, through oompressioii, beoome so great as to give a mean density to 
the eiffth far exceeding that which its astronomical relations will admit o£ 
Thus, for example, it has been calculated that air at a depth of thirty-four 
miles firon the smface wosld become as heavy as water ; water, at three hmi- 
dred and sixty-two miles, as heavy as mercnry; and that the density of lime- 
stone (marble) at the center of the earth would be one hvmdred and nineteen 
times greater than it is at the sur&ce, with but one eighth of its ordinaiy 
balk. To reconcile, therefore, the actual mean density of the earth with the 
action of the forces of attraction and gravitation, it has been suggested that the 
cond^isati<m of the central mass of the globe must be counteracted by some ex- 
pansive inflaence, such as heat, or that it may coimist of matter as attenuated as 
the lightest known gase& The appreddbkj or ponderable crust of the eartii, bow- 



Fia. 1. 



ever, calculating from the astronomical phenomena 
of precession and nutation, can not be less than a 
fourth or fifth of ihe earth's radius ; that is, it can 
not be mudi less than ei^t hundred miles. 

7. Crnst of the Earth.— Inordinary 
geological language, the expression 
" crust of the earth'' is understood to 
refer to that portion only of the exte- 
rior of our planet which is accessible 
to human observation, or concerning 
which we are able to reason conclu- 
sively from observations made at or 
near the surface. 

The thickness of such a superficial film or en- 
velop is estimated by Lyell to be about ten miles, 
or ttU*^ P^ ^^ *^® distance from the sur&ce of 
the earth to the center. Other authorities, how- 
ever, have supposed that we can, by the aid of 
geology, see as it were into the interior of the 
earth, as far as twenty or even thirty milea. In 
Pig. 1, a section of the earth, a &, approximately 
represents the superficial rock crust, and a d the 
appreciable or ponderable portion (required by as- 
tronomical calculations) which envelops the un- 
known interior. 

8. Surface Configuratiofl.— The sur- 
face configuration of the earth, as well 



QuxsnoiiB. — ^What inferences have been drairn from the density of the earth ? What 
Is understood by the crust of the earth ? What is the estimated thicknest of the cmstf 
What Is the snrfiftoe conflgoration of the earth ? 
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baieath the ocean as on the dry land, is extremely irregu- 
lar, being elevated into ridges and mountain chdns, with 
intervening plaips and valleys. 

The mean height of all l^e solid parte of ftie ^artti^s stirfkee above the sea- 
level has been estimid^ bj Hmnboldt at about 1,000 feet; that of all Ea- 
lope, €71 ieet ; Asia, 1,132 Ibet ; South America^ 1,151 feet ; Kortiii America, 
i4o loeii* 

The highest known mocmtalns on the gfiobe are Hoonts Shrnrest and Kmi- 
duDJtegay ci tiie Himalaya Range, Oentrid Asia^ which attahi an elevation 
respecHv^y of 29,002 and 28,1§6 feet above l&e sea-leveL The loftiest 
mountdn in South America is Tupungato, one of tiie Chilean Andes (22,456 
feet) ; in North JUnerksa^ Mount St Elias, one of the Bodnp- Mountains, 
1*7,900 feet^ and Popocatepetl Mexico (17,884 feet) ; in Europe, Mont Blanc 
(15,760 feet). The highest pealffl <^ ^e AUegfaany or Appfdadiian range, 
which extends tiuoughout the Atkmtio slope ei the United States, are Cling- 
man's Peak, Blade mountains, K. 0. (6,760 feet) ; Mount Washington, White 
mountains, K. H. (6,285 feet) ; Tabawai^ ot Mount Man^, Adirondadc mount- 
ains, N. T. (5,467 feet) * 

The greatest depth yet readied by man in excavations does not mudi ex- 
ceed 2,000 feet (about one-third of a geographical mile) behw ihe levd of the 
sea. The abs(^ute depUi {%, «., d^pth below the immediate sur&ce,) of some 
excavations is, however^ much greater. Thus, the mine of Kuttenbui^, in 
Bohemia, which is believed to be the deq)est in the woild, has an absohde 
depth of 3,778 feet At Mondorff, in the Duchy of Luxembourg, an Artesian 
well has been bored to a depth of 2,400 feet below the surfece ; at Columbus, 
Ohio, 2,340 feet; at Louisville, Ky., 2,086 feet; at Charleston, S-C, 1,145 
feet The deepest mine in America^ viz. : the silver mine of Yalenciana^ in 
Mexico, has an absolute depth of 1,686 feet ; but the bottom of this mine is 
more than 5,000 feet above the sea-leveL 



QuxsnoxB.— What Ib the mean elevation of iti tarfiiee abore fha sea-level f Ennme- 
xate the highset mountains ? What depth has been reached by man In artificial excava- 
tions? 

* *^ The ineqoalities on the earih*s surface, arising from mountains, vallejrs, buildings 
etc, have been likened to the roughness on the rind of an orange, compared with its gen- 
eral mass ; and the comparison is free from exaggeration. The highest mountain does 
not mnch ezoeed fire mUes in perpendioDlar Oration ; this is only l-1600th part of the 
eaith's diameter. Consequentlj, on a globe of sixteen inches in diameter, such a moun- 
tain would be represented by a protuberuice of not more than l-lOOth part of an inch, 
which is about the thickness of ordinary drawing paper. Now, as there Is no entire oon- 
tkient, or CTen any very extenaiva tract of land, known where the general eleyation above 
tiie sea is any thing like half this quantity, it follows, that If we would construct a cor- 
rect model of our earth, with its seas, continents, and mountains, on a globe dxteen Inches 
In diameter, the whole of the land, with the exception of a fyw prominent points and 
ridges, must be oon^ressed within the thickness of thin writing-paper, and the highest 
hUl would be represented by the smallest visible grain of Band.**~-5ir John HeracheL 
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The d^th oT tjie sea haa bMu gaDsrallj mitqwaed to cocTWpMMl with flw 

height or the land. Soundiugs, however, aho^n^ «uirmDue depressions of • 
file oceaji-bed, atTarioaspomta,hava beon reported, viz.: 49,800, 46,238, and 
39,600 feet: bat the accomcyoft^m is questionable. According to Com- 
mander Haniy, the ayenge depth oT the Atlantic, for a distance of Beren^- 
Sve to one huiidred miles from the cottBts of continents, is less than 6,000 
leet : for a further distaoce of from 200 to 300 miles, the depth varies from 
6,O0Q to 12,00a feet 

Fig. i, desired by Com. Ifanij, TJ. S. N., repreasntB the bed of the At- 
lantic ocean, as indicated by Tacent soundings and surveys, in a tine extend- 
Fio. 2. 



ing southeasterly from Menco to Aftica. It is drawn to a scale, and repre- 
KBts the elovatjon of the land above tiie level of the sea, as weQ as the depth 
(o which the ocean sinka below lb 

■While the great lakes of North America are elevated (one of them, Lake 
Superior, £96 feet) above the ocean, some of the inland aeos of Asia are re- 
maricably depresBed below its level. Thus, the sur^e of the Caspian Sea is 
eighty-three and a half feet below the level of the Black Sea ; that of the 
laka of Tiberias, 466 feet below the Mediterranean ; while the surt^ce of the 
Dead Sea is 1,383 feet bdowthe same, with a depth of water, in soma places, 
tf 300 fiilhoma (1,800 feet). Fig. S represents the reqiective levels of the 
U editetraDean and Dead Sea, with that of the adjacent country. 

9. Diilribatiei of Linil and Water.— The Burfam of 
the earth has been estimated to contain about 196,800,000 
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eqnare nuleB. Of this area the dry land is sapposed to oc- 
cnpy al)oat 51,500^000 sctuare miles, leaving the renuunder 



of the surface, 145,300,000 square milea, covered with 
water ; or the distributioD of land and water is in the pro- 
portion of 1 to 284. 



CHAPTER II. 

CHEMICAL AND JONERALOGICAL COUPOSITION OP HOCKS. 

10. Kotk. — Popularly the term "rocft" is applied only to 
the more compact and solid portions of the globe ; but, 
used in a geolc^cal sense, it includes, not merely mineral 
masses which are hard and consolidated, as granite, lime- 
stone, etc., but also all natural accumulatioDs of looser 
and less coherent materials, such as beds of sand, clay, 
gravel, etc. 

11. Chemical Composilion of Rocks.— Chemistry has es- 
tabhshed the existence of sixty-two'^ distinct forma or 
modifications of matter, each of which most, in relation to 
'the present state of our knowledge, be considered as a 

"simple," or "elementary" substance.t Of these, but 



«ordlD J to »iDO KatborlliAi. 

wdaainpaHd." InpUoa of*' elimenbiTr," betin OjllT«ri the U 

^ta obBmlBtfl ia rtspoBt to thei* n' 
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oomparatrvely few enter into the composition of the cmst 
of the globe, while many are so exceedingly rare that they 
are known only to chemists. 

The names of the elementary sabstances which constitute the great mass 
<^ all the rocks, consolidated or unconsolidated, which are accessible to man, 
are as follows : — 

12. lYon-Metallic Elements. — Oxygsk, Hydbogen, 
Chlorine, Cabbon, Sulphub, Phosphobus, and Sili- 
con — 7. 

letals of the Alkalies and Earths.— Potassium, So- 
dium, Calcium, Magnesium, and Aluminum — 5. 

let al s Pro per .— Ibon and Manganese — 2. Total 14. 
Of these, two only, carbon and sulphur, are found pure 
as minerals ; the rest occur only in combination. 

Oxygen is the most abundant of all the elementaiy substances. It consti- 
tutes at least one third part of the solid crust of the globe, and eight-ninthS| 
by weight) of all the water upon its surfiw».* 

Hydrogen, as a constituent of water, enters into the composition of many 
minerals and mineral strata, and fcnrms part of almost every organic substance. 
Chlorine is abundantly present in common salt (chloride of sodium) of which 
it forms nearly seven-twelfths by weight : it also occurs in many other com* 
hinations. 

Caarbon is found pure in the diamond ; is the chief c<mstituent of all varieties 
<^coal and of graphite (plumbago^ black-lead), and, as an element of carbonic 
add, forms nearly one-eighth part of carbonate of lime, (ordinary limestone 
and marble). 

Sulphur occurs native as a volcanic product^ and, in combinatioa with a 
large number of metals, forming sulphurets (sulphides) ; in an ozydized con- 
dition, as sulphuric add, it is still more widely diffused in combination with 
various earths, as the sulphates of lime, magnesia, baryta, etc. Nearly one 
third of the weight of sulphate of lime (gypsum, or plaster of Paris) is sulphur. 
PhospTuyrua exists in small quantities, but widely diflfhsed, in the mineral 
kingdom, principally in combination with lime. 

Silicon^ in combination with oxygen forming silica, or silicic acid, is the 



Questions. ^Hoir many constitute the great mass of the rocks ? Euumerate them ? 



* One point In this connection is especially worthy of notice, as bearing on the impor- 
tant question of the former condition of our globe, namely, that about one half of all the 
ponderable matter of the earth^s crust, taking Into consideration oxygen, hydrogen, and car- 
bonic add, is capable of existing, or maybe said to exist naturaUy, in a gaseous condition. 
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«M0i <ilMnKtowt of «U sMl mbrtftnom and hm beea ajttmnttci i^ Sxm lei^ 
five per cent of all tbe pooderable matter of the globe. 

Aktminumf the meti^c base of the earth idamina^ is the characteristic con- 
stitQeiit of all days, and is also present in ahnost aH other rocks. AJHiwwMt. 
has been estimated to form tea per cent, of the orust of the gloheu 

Foiassiumf eodtum^ and magneeium, the metallic bases £rom whoioe are 
derived the salts of potash, soda^ and magnesia^ are also very widely dissemi- 
nated. Soditmif united with chlorine, forms common salt; and magnesia, 
beade constitttting an knporlant part of lOBie rocks, is aa abundant constitu- 
ent of 8ea*water. 

Calcium, in combination with oxygen, forms the well-known mineral lima, 
which, in turn, united with carbonic acid, as carbonate of lime (ordinary lime- 
etODo, aaitle), is eftimaleA to constitute one sev^ith of the crust of the 
globe. Lime and magnesia are also difKued almost imiversaUy tiiroughoat 
the silidous rocks, in the form of silicates of lime and magnesia. 

Of the metals^ o(»imcHily so called, trpitaQd mangaofse are the most widely 
dtflftMed (as ozyds),* aad the fonaer hag been oalouiated to Ibrm at least two 
per cent, of the crust of the globe. 

In addition to the above-named elementary substances, 
fluorine, ioditie, gold, arsenic, and titanium may also be 
mentioned as having a very general distribution, but in 
T«ry minute quantities. 

13. General lineralogieal Composition of Socks. — 
Nearly all the minerals which make up the great rock- 
masses constituting the crust of the globe have resulted 
from the chemical combination of two or more of the above 
enumerated simple substances. Most of the common min- 
erals, furthermore, may be characterized as being either 
sUiciofUS or calcareous. 

14 SilieioBft Minerals are those in which silica (silex, 
or silicic acid) predominates. 

Wa 9ub6taQce, as a constituent of rocks^ oooora under two fbrms^ viz., as 
a pose or simple mineral, and as an acid united to mineral bases. When 
pure, or merely colored by small quantities of different metallic oxyds, it is 
general^ tersoed " fuariz," and sa such occurs in amorphous, massive rock- 
masses, or veins — common quartz, and in crystals — crysialUzed quartz. The 
prevalent color of common quartz is white— often milk-white or gray ; when 
pure, or nearly so, it is translucent, with a vitreous or glassy luster. It may 
have, however, almost every shade of color, and even a granular texture. 

QcoBTiolTa— What is said of fheir distribation and eombinationBf Wbat is the general 
mlneralogical oomporition of rocks ? What nrineralfl are termed BQieioiis f What are the 
principal forms of BHica? 
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Qf^g toHfaiwI qoartz, ivbcn trmmpKimt -and orfariaiB, Is taftntd riidb^ryiML 
The fcmdamental form of quartz (aygtals is a regcdar «x«ded priaai, ter- 
ttlnsked b^ aix-dded pynmids; (See Fig: 4.) pcdect q>eQtiiieiis of this 
tffm, however, are nre^ and the cryatab usoaUy met with are oiodiflQatioiif 
<ifL Amtthysi is qotfts ooloied porple If the 
presence of oxyd of manganese. Agate is a gen- 
end name giventoacemi-pelhidd, nncrystaBiBed 
Tarietj of quartz, presenting various tints in the 
saraespeohnen, the ookxra bdng delidately artanged 
in stripes oar bends, or blended in douds. When 
Ihe colon a&d bands are not verf waaoBBtona, but 
are arranged in flat, hofkootal IkywB, the wgetir 
men is termed an Onyx; and wbem the colors are 
mixed irregularly, tiiey are called " Mna-^igalesJ* 
Agate of a pesoty or 4smok7-gra7 color, is called 
(^mkedst^f ; a&d speoimefis presenting a blood- 
red color, either uniforsily distributed or in patdies, are tenned cameUaMf 
and are much used in the less ezpensive kinds of jewelery. Jasper is the 
name given to highly compact^ opaque varieties of quartz colored by iron ; 
they admit of a high poMi, and often present zones, or bands of color like 
agates. I^int is a massive, compact variety of Silica^ of a gray, brown, or 
black color: its fracture is conchoidal, and it is often found in masses of 
groteeque and hregular shape. Buhrstom (miH-etoae) is a TPtifAj of ceUular 
flint, weU adapted &x grinding. CpcU, cryaoprtue, and bloodskmc, 9xe other 
varietieB of nearly pure silica. Cbmm&n ^and is usually oomposed of grmns of 
silica ; its ordinary yellow or brown color beii^ due to the preeenoe of oxyd 
ef iron, or of cnrgaoSo matter. Bcmddcme is an aggregate of such grains 
oemented into a coherent mass. . 

When silica playa the part of an acid and unites with other minerals, the 
resulting compoimds are termed silicates. If we except carbonate and sol- 
{diate of lime, carbonate of magnesia, quartz, and coal, nearly all the mineral 
ooMstltaoats of the great rock-masses of the s^obe are sOioatasL 

Pure clay is a hydrated* silicate of almnina, but as 
commonly foundt (common clay), it contains in addition 
variable proportions of silica (sand), iron, lime, ma^^a, 
carbon, and the alkalies. 

Any very finely divided mineral matter, however, which oontains from ten 
to thirty per cent of alumina^ and is consequently " plastic^" or capable of 
retaining its shape on being molded or pressed, would be usually called day. 

Becks and iwinAr fti<f whidi contain a notable percentage of alumina or clay 



Quxsnoirfi.— What are BmeateB f Whrt is Hw eompMllloK of «]«r Y 



* Hydrated— oontaining a proportioii of irater in chemical oombinatlen. 
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efmt, when breathed tipon, a peculiar and distinctive odor (argOlaoeoaB odorX 
which is easily recognized. 

Gays whicdi are nearly free from ozyd of iron, carbonate of lime^ or the 
alkalies, are tenned '*fir&-clay8," and being almost inftisibk, are used for iho 
mana&ctore of fire-biickS) crocdbles, etc. Sach days^ however, are compar- 
atively rare and valuable. 

Pure silica is one of the most invisible substances with which ite are ac- 
quainted. 

Glass and porcelain are examples of artificial $iUcate8 (i. e^ of potass% sodai 
lime, alumina or iron) ; but for the production of these compounds the most 
intense furnace heat is requisite^ a &ct which it is well to bear in mind when 
speculating on the origin and formation of certain rocks. 

Highly silicious rocks and minerals may be recognized 
by their hardness, infusibility, and insolubility in ordinary 
acids. Quartz strikes fire vnik steel, is not scratched with 
a knife, but readily scratches glass and most other sub- 
stances, except a few gems. 

15. Calcareous Minerals are those in which lime pre- 
dominates. 

As a constituent of mineral masses, lime generally occurs, tmited with car- 
bonic acid, as a carbanaiey and in this condition it exhibits a great diversity 
of structure and appearance. The principal modifications of carbonate of 
lime, however, are the following: chaik; earthy, granvkir^ compact, and conr 
cretionary limestones; crystaMine limestones, or crystaUvnc marbles, and cakcb" 
reons marls. Carbonate of lime is also the principal constituent of the hard 
parts of corals, shells, eta, and consequently of the rock-masses formed of the 
remains of these organisms. 

Any rock which contains at least half its weight of carbonate of lime may 
be properly termed a limestone; and the presence of other mineral matters 
commingled with the carbonate of lime is generally indicated by giving to the 
limestone a distinctive name. Thus, we have argillaceous (clayey) limestone ; 
silicious; magnesian (containing magnesia); ferruginous (containing hpon); 
bituminous ; or, fin^n the presence and decomposition of organic matter, fetid 
limestone. 

The term marble is applied to those varieties of compact and crystalline 
limestones which are capable of being worked in all directions, and also of 
taking a good polish. It is an architectural rather than a geological term. 

QussnoKB.— What characteristic have alamlnons rocks and mineralst When tfe days 
available for fire-clays? What are examples of artificial silicates? What are the char* 
aeteristio properties of highly silidons rocks? When are rocks and minerals termed 
ealcaieons ? In what condition is lime found most abundantly ? What are the prln<^ial 
modificationsof carbonate of lime? When mayarock be termed limestone ? Whatis 
marble ? 
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Limestones which contain twenty per cent and upward of carbonate of 
magnesia are called magnesian UmesUmes; granular and ciTstaQine varieties 
of magnesian limestone are termed Dolomite (from an eminent French geol- 
ogist^ Dolomieu). 

Oolite (GrT. oov, an egg, and ?.tdoCj a stone) ib the name apj^ed to lime- 
stones made up more or less completely of smaQ rounded particles like the 
eggs or roe of a fish (whence the name).* 

limestones^ espedally the marbles, exhibit every variety and shade of 
cobr — the coloring agents being, for the most part, metEhllio ozyds, and es- 
pedaUy the oxy d of iron. Black limestones and marbles, however, owe their 
color, in great part, to the presence of carbonaceous matter, derived from 
the decomposition of animal or vegetable matter originally contained in the 
rock : when subjected to intense heat they become white. 

Carbonate of lime is fovmd in a greater variety of 
crystalline forms than any other known substance. Its 
primary form is a rhombohedron, as seen in "double 
refracting," or " Iceland 6par"t (see Fig. 5) ; but of this 
figure over 650 modifications are known to mineralogpists. 
The crystalline structure of limestone in rock-masses is 
best displayed in that variety of marble known as " statu- 
ary marble.'^ Orystalized carbonate of lime is very often spoken of as " calo- 
spar," (♦. «., cofcareous spar.) 

The presence of carbonate of lime in a rock may be ascertained by applying 
to the sur&ce a drop of any dilute acid (as sulphuric add, or even vinegar), 
which has a stronger affinity for lime than carbonic acid has ; the latter, bdng 
thus liberated, escapes in a gaseous form, and causes an effervescence in the 
drop of liquid. 

Lime also occurs somewhat abundantly in nature in combination with sul- 
phuric add, forming suilpTiate of lime, or gypsum, and with silidc add form- 
ing silicate of lime. Sulphate of Kme may be distinguished from carbonate 
of lime by its softness, and by the absence of effervescence on the applica- 
tion of acids. 

16. Spedfie Mineral Constitnents of Rocks.— Consid- 
ered specifically, the composition of the great rock-masses 
which constitute the crust of the globe is represented by 
an extremely small number of simple minerals — some eight 




Qdzbhonb. ^What are nugnesiaii limestonei and dolbmites ? What is oolite ? What 

is Hid of the color of Umestonesf What of the erystalline forms of carbonate of lime? 
Hoir may the preseoee of carbonate of lime in a rock be ascertained ? - 

* • 

• Oolites, or ooUtic limestones, althongh common in the geological formattons of En- 
wp^ are rarely met irith in the United States. 

t The term " qjar** is applied in mhieralogy to those crystals or minerals which break 
np faito rhombs, cubes, plates, prisms, etc, with smooth, plane frees. Hence we have 
csk-ipar, fel-q^, brown-spar, etc 
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or nin©— whick wr© repeated ovot and over again in the 
different formations. They are, 1, qttartz ; 2, feldspar ; 
'3, mica ; 4, hornblende ; 5, angite ; 6, carbonate of lime ; 
7, talc ; 8, serpentine ; 9, oxyd of iron.* 

As it is diffioolt to ocmvey feS^ to the mindr by -written desoriptioos^ tiio 
physical characters of minerals, it is JrecommeDded to the student to obtain 
aoooratelj-naiBed epedm&au of tbe flibov«-eniimei»ted sgedoBS, and to rextder 
himself tb(MroQgh]y oonTensant with all their modificationflK^thdr diaracters 
in roek-4nasses bdng olbeA veiy obseore. ^Rie following deacriptums may, 
lK>weYer, assst in thdr lecognKlon. 

Quarts^ is a t&tm ai^Iied to gvantilair Tarleties of qrtarts^ and to Band- 
stones apparently converted }3f beat or cbraiioel soivents into qoartz^ 

Feldspar y aa chiefly composed of silica^ aicnaina) and potassa, is a $ofter 
mineral than qaarts. It is fi>und orystalliue^ generally of a reddish-Vhite, or 
gray-color, with a yltreoas bister inoKnaig to pearly. The softer crystals oc- 
cniring in granite are of feld^>ar, and admit of being scratched with a knife, 
when 1^ quarts, from its eitreme hardness, receives no impression. Feld- 
^ar crystals may be also recognized by the smooth, glassy aspect of their 
dlyifflonal planes. -j- 

Mtcou This mineral (so called from the Latin mico, I glisten) is distingai^ed 
by its brilliant, semi-metallic luster, and its ready division into ^ctremely thin 
I^tes, or laminae,! -whkh are tranqnrent or transhioent, flexible and elastic. 



Qunnoi^— What are the principal minerals that make up the great vock-massea of 
the globe? What ia quartaito ? What ia feldq^ ? Mica? 



* The average compoaition of these minerals is represented in the following table : 
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1 



t The term ** feldspar^ properly apfdies to a^oop of allied minerals rather than to a 
ringle species. This group indodea the foUoiring Tarietiea: 1, common, or ordinary 
fddsparf in which the alkali is potash ; 2, albite or soda>fddspar, in which the potash Is 
replaced Ij soda ; and 8, ** Labradorite,** or '' Labrador fddspar,** in which both soda 
and lime replace the potash. The last also differs from the two former in often haying an 
irridMoe^ appeuranee, and in Its manner of fracture and deavage. 

% Mica is sometimes used as a sabstitute for ^ass (i. e., in ftimace doors, etc.) and ac- 
•ording to Hany is diyisible into laminse only l-25,000th of an indi thick. 
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• 

It is alwijs p r c wpt m trtB gmmto; i» the prinoifMil ooastitiMBt of a wt of 
daty rocks called Boea^duflta^ or slatoe^ and ooeom idao i& miaoto aoaka ki 
many saadstooM^ kc^MHrting to them a alrery appearanoe. 

JBbnMemk, eo wooed from ite homj, gliat^iag fracture (also from the Ger- 
maa hkndmt to dazsleX is a Uscfc, or daric-greea ma&nXt softer ^laa qoarta 
or fektepej*, tad ai» alxuidaiit eoostituent of ^e masaiTe orystaUiiid lodra. It 
oocQis maasiye^ as bomUende io(^ or with a slafy stmotare^ as hornblende 
date or sebist. 

AugUe (pyroxene) is a blackish-green or greenish-gray mineral, allied to 
homl]lBBde^ \mt ctiff^rmg somewhat m crystalline form and chemical compo- 
sition. It is the characteristic mineral constitaent of rocks of an uodoobted 
%aeoqs origin, as irapi basalt^ lava* 

Tide is a very- soft mineral, of a greenish color, a pearly luster and unctuous 
"feel" When pare, it oocms usually in foliated masses^ easily separable into 
thia, toansiaoent plates, whi<^ are flexible but not elastic, a charactcaiBtic 
which especially distinguishes it from mica. Talc is a silicate of magnesia, 
and eaters largely into the compositioa of a variety of slaty rocks called " (cd- 
COM." Skatite (Gr. OTenf^ fiU^ or suet) is a con^mct variety of talc. From its 
greasy or soapy feel, it is also known as **■ soapstone," although this peculiar* 
ity belongs to most rocks which contain a considerable percentage of magne- 
da. "French chalk," "pot-stone," and "Bensselaerite," are varieties of 
steatite. 

CldorUe is a greenish mineral, a silicate of magnesia and alumina, somewhat 
resembling talc 

SerpenHne is a hydrated silicate of magnesia, with varying proportions of 
iron, manganese, ahunma, Hme, and sometimes chromimn. It is generally of 
a variegated green color, and derives its name from the resemblance of its 
mottled colors to the skin of a serpent 

Oryd of iron is present, in greater or less quantity, in aUnost all rocka^ and 
often imparts to the minerals containing it a red, brown, or yellow color. It 
is the coloring agent of the red and brown sandstones* Oxyd of iron also 
ooDstitotes rock-masses, and sometimes entire mountains, as the "Iron- 
mountain" of MisaourL 



QwsfOMS.— Whs* is bond^)6Qde ? Aagite? Talc? ClUorite? SerpeBtine? What 
^ laid of the diBtribation of oxyd of iron? Are rocks in general made up of distinct 
Biaefalq^eeles? 

• 

* Brides and oommoo pottery-irare owe their red color to the iron naturally contained 
in the day of which they are formed— the iron, by the action of heat, being converted 
into the red oxyd of iron. Some varieties of clay, like that found near Mllwaakie, Wis., 
contain Uttle or no iron, and the bricks made fi'om it are consequently of light yellow 
color. 

The pr ese nce of iron in almost all rocks can be demonstrated by puhrertxing a ftag^ 
ment, digesting it in weak hydrodiloric or sulphuric acid, and adding to the filtered so- 
lution, dHuted, a drop of solutf on of ferroeyanide of potash (ydlow pru ssl atc ot potaA) ; 
if the most mlante quantity of iron Is present, the solution will immedialely i 
beautiful Uue color. 



V*' 






24 FIRST PBIHCIPLES OF Q%OhOQY. 

A few of tiieee minerals exist in a a^tarate state, in so large masses as to 
be denominated " rock ;" as quartz, carboimte of lime, serpentine^ eta ; but, in 
general, the most common rocks are formed hj the union of from two to four of 
tiiem ; as granite, for example, which is formed by the union of quartz, mica 
and feldspar. In rocks which have resulted from deposition, as sediment in 
water (sedimentary or stratified rocksX the ample minerals which enter into 
their compositicm are generally so much ground down and comminuted pre- 
vious to their final deposition and consolidation, that the mass appears entirely 
homogeneous, as in the shales, slates, etc. 

Other minerals forming rocks of small extent, or entering so largely into 
the conq)osition of rocks as to modify their character, are the following :•— 
sulphate of lime (gypsum), chloride of sodium (common salt), ooal, bitumen, 
garnet, schori, staurotide, epidote, pyrites (sulphuret of iron). 

Water also constitutes a part of nearly all rodsa ; but in most cases its 
presence is simply mechanical, and is not essential to the chemical compos!* 
tion of the mineral substance. In a few minerals, howeyer, it is an abundant 
chemical constituent, forming nearly twenty per cent, of sulphate of lime^ 
twelve of serpentine and chlorite, and three or four of talc. A compound 
containing water in definite proportions is termed a hydrate; while a sub- 
stance entirely fi:ee from water in combination is said to be ar^ydrow,^ 



CHAPTER III. 

ORiam AND GENERAL CLASSIFIOATION OF THE MATERIALS 
CONSTITUTING THE CRUST OF THE EARTH. 

17. All the rocks which make np the crust of the globe 
may, by reason of certam structural peculiarities, or by 
reference to differences in their mode of origin or formation, 

t be divided into a few great general groups or classes. 

41 A classification founded on differences in structural ar- 

rangement, and one that is most easily and generally recog- 
nized, divides all rocks into two classes, viz., Stratified 
and Unstratified Eogks. 



Questions.— What miaerals, other than those eaamerated are fonnd abundantly t 
To what extent does water enter into the composition of rocks? What is a hydrate r 
When is a substance said to be anhydrous ? How are rocks daadfledf What two classes 
are generally recognized f 



* ** The presence of water in rocks is known by experience ; since no stone is ever 
quarried which will not part with some water on being dried, either naturally in the air, 
or artiildally.*'— «/tM;s«. 
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• ^ 

18. Stratified Bocki. — Rocks are said to be stratified 
when they are completely and naturally divided, by nearly 
parallel planes, into beds or layers. (See Fig. 6.) These 
layers are technically termed strata (plural of the Latin 
ffrofum, strewn or spread out), and may vary in thickness 
from the fraction of an inch to many feet. 



UaoKB or lajera of one varioty of rock, occuring in the midst of otbor 
atiata, are eaid to be mteratratiSed. 

Lamination. — The same structure, which characterizes 
the stratified rocks in mass, may, in most instances, be ob- 
served in d^ee in each separate bed or stratum of the 
mass ; inasmuch as the materials which enter into their 
composition are generally arranged _^ „ 

in thin layers or laminae, which may 
or may not be separable from each | 
other. Such a structural arrange- [ 
ment is termed lamination. 

Fig. 1 represeDta aome of the forma of la 
nation — waved, fine and coarse— obaorvablo in different Btrata. 

QDnnoSB.— When oro rocks laid (a be Htntlfiedr WbaKaUcuU 



26. FIB8T PBIMOIPLHS OP G£OI.OaY. 

Stratified nx^ an aetiiatUd to occapj uboot nine-tenthB of all the laud 
sur&ce of the earth. 

19. Inslralltled Rocks. — Rocks which do not exhibit/ 
in their Etructure any divisional arrangement of strata and 
FiQ, 8. laminse, are called 

— . -' — s imetratified. Such 

rocka have, in gen- 
eral, an exceedingly 
irregular, maasive ap- 
pearance. (See Fig. 

I 20. Another daisiQcatiop, 

geoentllj recognized, and by 

inaa J gedlogisiB preferred to 

an; other, is tbunded on the 

mode ia which ro<i3 have apparently originated. 

That different rocks have had an entirely diverse origin most be obvious to 
even the most auperflcial observer : bat the tkct will appear niOTe especiaUy 
manliest if we minutely examine and compare well-characterized specimens 
of the most commoa varieties. 

Thus in specimens selected generally (torn the daaa of nnstraOfled rocka 
(as granite, trap, or porphyry, for eiampH the particles of mineral mattef 
which make up the mass are internally compact, mutually imbedded or inter- 
laced, and very often present a crystalline structure throughout ; or else con- 
tain distioet, i30la,ted crystals imbedded in a homogeneous mass. When 
broken, they tend to separate Into iireguiar angular frt^meots. Now, it is 
a law of phyacs that matter can only assume a crystalliQe form when itspai^ 
tides are free to move and arrange themselves ; and hence, whenever we And 
a crystal or a mineral particle that has rfn internal crystalline structure, we 
may feel assured that it has at some time been in a fluid, or neariy fluid con- 
dition; or, in oflier words, that it has been either dissolved or meltad. And 
if thia'conclusion be true as regarfs individual crystals or particles, it moat 
be also true of rooks which are made up of such crystals or particles. 

o™»nn.B— Whtt I. -Id of the dittrtOiiti™ of the itnitlfled roskt t When m r»te 
ttraMunHtrmtifledf Wb.Hs «ld of tha origin of rock. J Wh.t pecali-ritjof Mme- 
lDredoBainarock«peclmetnp«»n" Wh»tdoMllieeii«l«LC6ofiiErr»'»lIhie6tn"!t«i" 



unstratlfled ^ock^ >nd Blt>t«9 mod mndstones of llie 
g tnKen br ths leamsc to euunloa Ihs dunictat^ 
Irtloiof U«e'roct» ia'jimtt, or mhirU poiitloo. 
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Rodcs may, however, present eyidenoe of fbrraer flmdify orpldstioity other 
than that afforded by the existence of a crystalline structure. Some do not 
differ materially in appearance from the products artificially formed in blast- 
fbroaoea, being compact and vitreous (glassy), or even porous and slag-like ; 
wiiile others seem to have been deposited in shapeless masses fh)m solutions 
in water. 

These considerations, therefore, have induced geologists 
to ascribe to many rocks a chemical origin, and also to di- 
vide rocks thus originating into two classes, viz., Igneous 
Rocks, or those which, in accordance with chemical laws, 
have consolidated from fusion ; and Aqueous Kocks, or 
those which, under similar laws, have been deposited from 
Bdviion. 

21. I( however, we examine specimens of oihefr varieties of rocks, we 
shall find that the mineral particles which enter into their composition, 
whether internally crystalline or internally compact, are not mutually im- 
bedded and interlaced like those of the chemically formed rocks, but have 
evidently been brought together from different places, and adhere to each 
other in consequence of having been forced together by mechanical pressure, 
or because they are cemented together by some other substance. In rocks 
of this diaracter, moreover, the particles are usually arranged in layers or 
strata, and are generally more or less rounded and smoothed externally, as if 
water-wcnn ; — this latter appearance, in some instances, being especially ob- 
vious, inasmuch as the whole mass of the rock consists of pebbles or rounded 
fragments of other rocks, cemented in sand, which is also the result of an 
abrading procesa In other cases, as, for example, in many slates, sandstones 
and limestones, the constituent particles of the successive layers appear to 
have been deposited as mud, and are too much comminuted to bo separately 
discernible even with the aid of a lens. 

From these considerations, therefore, it is evident that 
the origin of rocks thus constituted was mechanical ; or, 
in other words, the materials of which they are composed 
have been derived from other and older rocks, and have 
be^i transported to their present sites mainly through the 
agency of currents of water ; while their characteristic ar- 
rangement into layers or strata is obviously the result of 



Qmsnoxs. — Wlutt other evidence Is there of former fluidity or plasticity of mineral 
matter? Into what two classes may rodcs of a chemical origin be divided ? What is 
said of the fltmeture of other varieties of rocks? What is the assumed origin of snch 
rocks? 
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their having been strewed out in succession over the bot- 
tom of the lakes and seas in which they were deposited. 
They have hence been called Sedimentary or Aqueous- 
Mechanical EocKS, and very generally, also, in allusion 
to their structural arrangement. Stratified Rocks. 

That the vie?r entertained by geologists re^>ecting the origin of tiie above- 
described rocks is correct, is furtiher shown by the fact that earthy deposits 
characterized by the same horizontality of arrangement and the same water- 
worn form of their particles, are continually in the process of formation near 
the mouths of rivers or on the land during temporary mundations ; for when- 
ever a running stream charged with mud and sand has its velocity checked, 
as when it enters a lake or sea^ or overflows a plain, the sediment previoudy 
held in suspension by the motion of the water sinks by its own gravity to the 
bottom, the heavier particles first, while the finely comminuted matter settles 
more gradually, and is often floated to a great distance.* In this way layers 
of gravel, mud and sand, constituting strata, are thrown down upon one 

Fig. 9. 




another, as is represented in Fig. 9,f The same arrangement of sediment 
may also be observed in the dry bed of almost every pond, and even in little 
pools formed by a shower. 

22. Possiliferous and Unfossiliferous Rocks.— Rocks, 
according as they are characterized by the presence or ab- 
sence of fossils, are further distinguished as Fossiliferous 
and Unfossiliferous. 

Fossil. — Any organic substance, the remains or product 

Questions. — How have they been designated ? What evidence is there that the as- 
sumed sedimentary origin of such rocks is correct T How may rocks be characterized by 
the presence or absence of fossils ? What is a fossil? 



* The sediment brought down by the Amazon discolors the waters of the ocean at a 
distance of three hundred miles from its mouth ; while much of that discharged by the 
Mississippi into the Gulf of Mexico is swept by the Gulf stream into the Atlantic 

t " The annual floods of the Nile In Egypt are well known, and the fertile deposits of 
mud which they leave on the plains. This mud is stratiJUdy the thin layer thrown down 
in one season differing slightly in color from that of a previous year, and being separable 
from iV"-^LyeU, 
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of an animal or plant, imbedded in the earth by natural 
causes, or any recognizable impression or trace of such a 
substance, is called " a fossil'' (Latin /o««t(*, dug up). 

In many instances the fossil remains of animals and plants occur in such 
abundance as to constitute almost the entire mass of some rocks ; — ^immense 
masses of limestone, for example, ai^)earing oftentimes to be wholly composed 
of sheUs or corals mineralized and cemented together ; while coal, in all its 
varieties, is believed to be entirely the product of an extinct vegetation. 

,23. Metamorphic Roeks. — In addition to those varieties 
of rocks which present marked evidence of a distinctive 
igneous or aqueous origin, geologists recognize a third great 
class, "which appear to have originated from other rocks by 
alteration. Eocks of this character are hence termed 
Metamobphic, or, literally, transformed rocks (Gr. fiera^ 
change, [lop^p^y form). 

Metamorphic rocks are usually more or less indurated and crystalline, con- 
tain few or no traces of fossils, and for the most part exhibit stratification ; 
although this structure in them is often indistinct and sometimes entirely ob- 
literated. The general theory of their origin is, that their constituent mate- 
rials were originally deposited from water as sediment, but subsequently, 
through the action of heat, pressure, chemical solvents, or other agencies, 
were changed and altered. In some cases, where sedimentary strata contain- 
ing fossls are in contact with rocks of undoubted igneous origin, the whole 
process of change (metamorphosis) can be clearly traced ;* — dark limestones, 
replete with shells and corals, for example, being converted into white crys- 
talline marbles with every sign of an organic body completely obliterated. 

Among the common rocks which are regarded as unmistakably metamor- 
phic, may be mentioned those known as the crystalline limestones (statuary 
marble) , " indurated clay," or " roofing slate;" and gneiss, which last resem- 
bles (and is popularly called) granite. 

24. Eecapitnlation.— -From the above considerations we 
may class all the rocks which constitute the crust of the 
globe as follows : — 

According to their structural arrangement into Strati- 
fied AND UnSTRATIFIED RoCKS. 



QuKSTiowB.— What are metamorphic rocka ? What is the aasomed origin of the meta.- 
morphie rocks? 
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According to the presefUie or absence of organic re- 
mainSy into Fossiliferous ^nd Unfossilifbrous Bocks. 

And, according to their origin or mode of Jormation, 
into Igneous, Aqueous and Metamorphic 

Tho studeot, however, would do well to bear in mind tbat all classifications 
of this character are in the highest d^r^ gen^^ inasmuch as rodcs of 
every variety may so intermingle and insensibly graduate into oue another as 
to render it extremely difficult to decide what agency was most concerned in 
their formation. And it has not unfi^uently happened in the history of 
geological science that rocks which have been pronounced by good observers 
to belong to one dasa, have, when subsequently seen under different circum- 
stances, or when ezammed more thoroughly, been referred to an altogether 
different class. 

Adopting the classification of Igneous, Aqueous and Ifetamorphic in tho 
inesent work, as most in accordance with the established facts of geology and 
chemistry, and most convenient for referenoe and study, we may indicate tho 
characteristic features of each division as follows : — 

"The Igneous Bocks are almost entirely chemically 
formed rocks, but some of their varieties may have me- 
chanical accompaniments/' They are unstratified and un- 
fossiliferous. 

" The Aqueous Bocks are either chemical, mechanical, 
or organic ; those of mechanical origin being by far the 
most abundant." They are for the most part stratified 
and fossiliferous. 

The Metamorphic Bocks are all more or less changed and 
altered. In some the original structure and composition 
are still obvious ; while in others they are entirely ob- 
scured, or even replaced by entirely different characters. 

25. Formation. — The term, formation is applied in geol- 
ogy to any portions of the earth's crust, of greater or less 
thickness, which were formed under the same contempo- 
rary influence. 

A formation may include rocks of very diverse character and composi- 
tion, when there is reason to suppose that they originated at nearly the same 

Questions. — Do rocks admit of a precise and definite classification? Give the charac- 
teristic features of the igneoos, aqueous and metamorphic rocks. What is a formation in 
gc«dogy f 
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epodi. Thus we speak of stratified and tmstratified, fresh-water and marine, 
aqueoTis and volcanic, carboniferous (coal-hearing) and metaliferoos fiMrmations. 



CHAPTER IV. 

VARIETIES AND LITHOLOGICAL CHABAOTERS OF THE 

IGNEOUS ROCKS. 

26. By the lithological characters of rocks we under- 
stand their external aspect, mineralogical composition, 
texture,* and such other physical features as can he deter- 
mined hy the inspection of hand specimens. 

27. Three classes of rocks, formed mainly by the action 
. of heat, are recognized by geologists, viz., the Volcanic, 

Trappean, and Granitic. 

Accordiiig to such a classification, ihe term Volcanic is 
appUed exclusively to the products of modern volcanoes, 
or to rocks formed through igneous agency within a com- 
paratively recent period, at or near the surface of the earth. 
The terms Trappean and Granitic, on the other hand, are 
applied to classes of igneous rocks much older than the 
volcanic, and which are generally believed to have con- 
Bolidated below the immediate surface of the earth, and 
consequently under pressure. 

The Trappean and Granitic rocks, in reference to their supposed origin, 
have been also called Plutonic, from Pluto, the ruler of the inferior regions. 

28. Rocks of igneous origin, with few exceptions, are 
composed of minerals which are silicates. These min- 
erals are mainly silicates of alumina, of magnesia, and of 

QuxBTioirs. — ^What ii understood by the litbolof^oal characters of rocks? Into what 
dssseshare the igneons rocks been divided ? What is said of the stmcture and chemi- 
etl iwposttlon of the igneons rooks ? 



* The tiruetwe of a rock refers to the manner in which it oeenrs in mass ; its texture, 
oa the eoQtrarj, refers to the manner in wliich its individual partides are intemany ar. 
noged. Thos, granite has a maltfre strue^Mrs ; bot its texture is erystaUine, coarse or 
tm gndned, hard and compact 
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lime, with admixtures of silicates of potash, soda, iron and 
manganese. 

The yarieties of the mineral feldspar (silicate of alumina and potassa) const!* 
tute the basis of most igneous rocks ; those in which no f^dspar of any kind is 
present being very few and unimportant, even- if they exi^ at all. After 
feldspar the varieties of hornblende and augite (ralicates of magnesia and lime) 
hold the next most important place. 

Igneous rocks exhibit great diversities of texture ; some being crystalline 
and granular, others compact and stony, and Others glassy or vitreous. These 
differences are generally referred to the diversity of circumstances under 
which the rocks in question have consolidated rather than to differences ia 
their chemical composition ; similar transformations being observed to take 
place in masses of silicates artificially fused (as in the manuiacture of glass) 
and cooled under different conditions. 

The terms " unstratified," " Plutonic," and "pyrogenous" are often used by 
geologists in describing rocks which have been formed by the action of beat, 
as synonymoas with the term igneous. 

SECTION I. 

VOLCANIC ROCKS. 

29. The volcanic rocks are the only igneous rocks whose' 
formation we are at present able to witness. 

In one sense, all the strictly igneous rocks are volcanic ; that is, they have 
been formed through the agency of heat, in a manner similar to the pro- 
ducts of existing volcanoes. For the sake of classification, however, the use 
of the term is restricted by geologists to those rocks which have been formed 
by the action of heat within a comparatively recent period, at or near the sur- 
face of the earth, in air, or in water. 

A volcano (from Vulcanus, the God of fire) is an open- 
ing in the crust of the earth, from whence melted or heated 
rock, ashes, water, smoke, gases or vapors are discharged. 

A volcano is usually a more or less perfectly conical hill or mountain, with 
a truncated apex, produced by the successive accumulations of ejected matter 
or by the elevation of a portion of the earth's crust. The vent or opening 
communicating with the interior of the earth (which in the first instance 

QUESTION'S. — What are the principal minerals which enter into their composition? 
What is said of the texture of the ig^neous rocks? What is the origin of the diversities 
of texture exhibited ? Wliat synonyms for the term ** igneous" are ofWn used ? What 
peculiarity characterizes the Toioanicrockfl? To vlut rooks is the term voloanio re- 
stricted ? What is a volcano ? 
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most h&ve been merely n fissure) ia EOdi caies aenunes tlia Sxm of an in- 
™rted cone, and is called a cra'tr. Voloaoio COoes yar/ in height from 90 
bet, to aa.SOO Feet (Aconc^ua, Ghill.l ■ 

A volcanic flsaure or orifice ■which emits only smoke, 
gases, aqueous and corroeive vapors, is termed a Solfa- 

TARA or FnUABOLE. ' 

When volcanoes exist beneath the sea, as they not un- 
frequently do, they are termed sub-aqueous or sub-marine. 
Those which have exhibited no evidence of action since the 
commencement of the historic period are termed extinct, 
while those which are constantly or intermittiugly in action 
are t«rmed active^ 

Fig. 10. 



* The general name given to all melted rock matter ejected 
from volcanoes is lava. 

Fig. 10 represents an ideal goctimi of a volcano duiiog aa eruption ; a ia 

H Hid to IM ■ab-mviHB t Wbui 
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the Yolcanio fissure, or cbamic], communicating with the interior of tbo earth 
filled with lava ; 5, the crater ; c, tlie volcanic cloud of smoke and vapor 
above the crater ; d, the spheroidal shape assumed bj the smoke column ; e, 
the shower of lava or dust falling from the volcanic cloud ; / falling scorias 
and ashes ; ^, lateral channel discharging lava at a point below the crater ; i^ 
lava stream, \vith smoke issing from fumarcks. 

30. The mineral constituents of almost all volcanic rocks 
or lavas are mainly feldspar and augite. When the feld- 
spar predominates the lavas are termed tra-chyte or fel- 
spathic lavas ; and when the augite is in excess, augitic 
lavas. 

The trachytes are so called from the Greek word rpaxv^j rough, as they 
have commonly a rough, gritty feel to the finger. 

Lavas assume nearly every variety of texture and color, according to the 
varying proportions of feldspar and augite which enter into their composi- 
tion, and according to the slowness or rapidity with which the mass is cooled ; 
— ^those* which have cooled quickly bemg compact and glassy, whQe those 
which have cooled slowly and under pressure, tend to beoodie stony and 
crystalline. Some varieties of trachyte at first sight resemble granite. 

Obsidiariy or volcanic glass, is the vitreous condition of a lava. It is of 
various shades of color, often velvet bladr, and can scarcely bo distinguished 
from the product of a glass fhmace. It was formerly used by the ancients as 
a material for mirrors. Fumice is the solidified froth or scum of molten rock 
matter; it has a pearly silky luster, a fibrous texture, and is often sufficiently 
light to fioat upon water. It is generally of a grayish-white color, and is 
extensively used as polishing material. 

Sconce is the name given to all accumulations of dust, ashes, cinders and 
shiggy rock firagments discharged from volcanoes. Volcanic tufcL, or ^u/'(ash) 
is the general name given to volcanic rocks of a soft, earthy and porous 
texture ; it orduiarily consists of ashes and dust, mixed, it may be, with 
coarser fragments, blown from a volcanic focus. Materials of this character 
follmg upon the land may become compacted into rock either by the pressure 
of thei^^ own weight, or in consequence of the percolation of water containmg 
mmeral matter in solution ; i^ on the contrary, they fall into the sea, they 
become subjected to the conditions under which all other mechanically formed 
aqueous rocks are produced, and may exhibit stratification and contain 
fossils.* 

Among other substances occasionally ejected from volcanoes are fragments 

i 

Questions. — ^What are the principal mineral constituents of lava ? Wliat two classes 
of lavas are recognized? What is said of the texture of lavas? What is obsidian? 
What is pumice ? What are scorisB ? What are volcanic tufas ? 



* The word *■'■ tufiCt" or ** tufa,** used alone, may aignifj any porous, vesicular rock ; 
thus we say "calcareous-tufa," " trap-tufa,** "volcanic tufa,** etc 
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of granite or other rocks, scarcely altered; atoo solpfaur in a pare state; 
dilorides of sodium (common salt), potassium, iron, lead, cc^per, sulphate of 
lime (gypsum), sal-ampaoniac, borax (borate of soda). 

"Tolcanic mud, which bubbles out of many fissures and openings (known 
as mud volcanoes), is a product of considerable magnitude in some regions ; 
aad jets of hot water (like the geysers of Iceland) and those of' steam (like 
the suffoni of Italy) are not unfrequeut volcanic phenomena." 

The principal gaseous emanations of volcanoes are carbonic acid, sulphur- 
etted hydrogen, sulphurous acid, hydrochloric add, and sontetimes carbu* 
retted hydrogen. 

31. The products desmbed in the preceding paragraj^ may be found, to 
a greater or less extent, in almost all volcanic districts ; and the mode in 
which they are discharged, their varymg admixtures, and the different ap- 
pearances they assume, siccording to the rapidity or slowness with which 
they have cooled, afford highly instructive lessons to the geologist Here the 
eq^osive force of highly heated viqpora and molten matter breaks through the 
B(did crust <^ 1^ earth, and uplifts or deranges rocks of anterior formation ; 
there the lava penetrates every fissure, or issuipg from some vent flows 
down the mountahi side, filling \xp valleys, damming up river channels, 
creating crags and dififs, and spreading over plains ;;, hero scoriae and ashes 
are showered forth, borne abroad by the winds, and scattered over land and 
sea, sometimes burying cities and vUlages, as in the case of Pompeii and 
Herculaneum ; there heated vapors are perpetually exhaling from rents and 
fissures, and incrusting their sides with mineral or metallic compounds. Be- 
peated discbarges from volcanic vents may give rise in time to mountains ; 
or taking place under water, may be spread out over the bed of the ocean, and 
become overlaid by true sediments— thus producing alternations of %neou8 
and aqueous rocks.- The molten matter also cools unequally — ^here forming 
vitreous masses (obsidianX there porous pumice or rough earthy tufa ; here 
granular trachytes, there highly compact crystalline rocka And just as ig- 
neous forces are. acting at the present day under the eye of tlio observer, in 
the production of volcanic rocks, so it is inferred they have acted in former 
ages of the world in the production of other varieties of igneous rocks (the 
trappean and granitic) : with this difference, that many of the lattei; have 
been formed at great depths and under great pressure, and have subsequently 
undergone internal changes to which volcanic or sub-serial igneous rocks have 
not been subjected. — ^Paoe. 

32. Surface Configuration of Volcanic Districts.-^In dis- 
tricts where volcanic eruptions have been frequent, and where the surfiice has 
not been exposed to great aqueous denudation, cones and craters, with vast 
bedsof scoriaceous lavas and volcanic sands constitute the marked features of 



QuiSTiOTVB. — What are occasional volcanic products ? What. are the principal gaseous 
emanations of volcanoes T What inferences and lessons do existing volcanic phenomena 
afford to geolt^Bts ? What is said of the surface configuration of volo&nie districts t 
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tUe icenery. Fig. II repreaonls a Tioir or ft duiio of oztinct vokaoio liilla 
in Aiirergnc, Coiitral FnuQe. 

PlO. 11. 



33. Geographical DlRlrlbat Iod.— In the Uplled States, «ast of 
the Rcckj Uoonlains, volcanio rocks do not occdf ; bat tbroa'shoQt tliia whole 
chain of mountains, and espedallj In its continoationa, aa the CordOleras oT 
Mexico and the Andea of Soath America, voloanio formations are abundant. 
They also occur in the West Indies, the Cape de Terde and Canary Manda, 
iaFnutoev Creimany, Italy, in many districts of A^ and in numerous islsjida 
of the PaciOc and of the Polar Oceana. In the British lalanda they are un- 
known. ■ 

31. Industrial Products. — In an industrial point of view, volcanio 
produotsare of con^derable importance. Neady all the^iJ/iAurof commerce ia 
derived from Tolcaulc districts, Sicily alone yielding ueaHy 100,000 tons yearly. 
Sulphur occurs in Sicily in beds of blue clay, and the excavations, in some 
instances, resemble quarries of yellow marblo. ftimice is extensively used in 
the aits for dressinf^eatber and for polishing and smoothing wood, metal^ 
glass atid marble. Large quantiaes of it are annually eiported from the 
IJpari Island^ Medilerraneao, the price being from $30 to $50 per ton, 
according to the quality. Borax (boracic acid and soda) may also bo regarded 
as a volcanio product — the principal supply being afforded by the hot apringa 
(lagoons) of iStscany, wliich yield about 1,000 tons of cryBtalliznd boracic acid 
annually. Borax is also found in the waters of some of tiio hot springs of 
Califbrnia. Tolcauic rocks rarely cootidn aviulable deposits of the metals, 
but yipid many interesling simple minerals, more than one hundred diffirent 
Bpecies having been noted among the lavas of Vesuvius alone ; the propor- 
tion whid) they constitute of the whole mass, however, is in 

SECTION II. 



35. The term " trap" (from the Swedish " trappa," a 
stair) was originally applied to certaiQ igneous rocks, which, 
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occtUTing ia great tabiilar massea of unequal extent, give 
to many hills a terraced or step-like appearance. 

At present, howeTer, the terms "trap" and "trappean" 
are nsed somewhat indefinitely and vaguely by geologists 
to designate any igneous rock which cannot he said to be 
distinctly granitic on the one hand, or absolutely Tolcaoio 
on the other. 

36. Id texture and compositian the trap-rocka are exbrnnel; diversified 
■lid varied — some being Mgbl; CTTEtaUiuo and compact, wbile otbera are 
(sellulaT or aotb sod earlhj. Their relatioos to the otber rocka are also often 
intricate and deceptive. Sometimea thej present tliemselTB^ aa alreadj 
■tUed, in lobular maasea, wUicli are not divided into strata; eometimoB in 
diapeless heaps and irregular cenes, forming chains of small bills ; and very 
often, as veins or wall-lika masBcs, thej borat through and intersect rocks of 
emj deemptiOD, derailing their pcntion and spreading over Ibem in Bbeola 
of TBiied extent and tbidmeea. Ttap-rodcs are also frequently found divided 
into ccdntnns of great regularity. The annexed %uto represents a vei7 
diancteristio appeamnoe of trap bloffi or exposures. 



31. Mineralopcaliy ounadered, the tiap-rocks are chipfly composed of fold- 
sptx, homhlendo and augila, with varying admixtures of olivine (a greeniaii 
mmera), a silicate of magnesia and iron), quartz, clay, iron, etc. Their 
weathered and decomposing surfaces, owing to the presence of oiyd of iron, 
are generally of a rusty brown color. 

38. In structure and arrangement the trap-rocks exhibit 
nnmistakahlo evidence of igneous origin, and in a majority 
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of inatances, perhaps, the only distinctioii between them 
and the yolcaoic rocka which admit of recognition is, that 
the former are more ancient than the latter. 

Some of them were eridenUj ejected after the manner of molten lava ; some 
must have be«a scattered abroad as ahowera of yolcuuc dnst and aabes; wliile 
otbers (>. c, the highly crTstalliue and compact varieties) bsve undoubtedlj 
consolidated under the enonuons presaore of superincumbent strat^ or at the 
boltom of an ocean, under water. 

The igneous action of masses of trap upon the aqueous or Bsdimenfary 
rocks is also marked and peculiar ; the latter, at the points of coDtacl, bein^ 
generally indurated, and often greatlj altered, as if aubjected to the inSuence 
of intense heat ; sandstonee in some instances being converted into quartsilec^ 
soft limBstones, into ciTEtalliae maiblea, coal into coke, and da}^ into Oiatj, 
porcalain-lDce masses. 

39. The varieties of trap which prevail most extensively 
and which preserve suMcient unUbrmity of composition 
and aspect to allow of general recognition, are as follows : 
Basalt, Greenstone, Porphyry, Amygdaloid, and 
Trap-Tufp. 

Ii« ioaolis are tie hardest, most compact, 
and heayiest of the trap-rocks. . Thoy are usu- 
ally of a hlack or greeniah-black ccJor, of a 
I flne-grsined texture, and very frequently ex- 
I liibit a rooro or less columnar or prismatic struc- 
I ture — the columns or prisms having three, five, 
k or more aides, regular and jointed. (See Pig 12.) 
I Creettalor)^ is a geucrol dc^gnation fbr tho 
hard, granular-cryalalliao rarioliesof trap. The 
term baa reference to their usual gri)cmsh or blackish-greon colors. Their 
treathered sur&oes acquire a dull, dark-brown color, and are often covered 
with patches of white lichens- As compared iiith the basalts, the green- 
stones we less compact^ more granular, exhibit moro dearly their component 
crystals, and are uauaUy maasivs or tabular in their Etnicture. 

Those varieties of greenstones and traps which are composed essentially 
of feldspar and flngite have received the name of doUrites (Gr., do^pirer, de- 
ceptive), from the difficulty of distingui^ing their coustituent minerals ; while 
those composed chiefly of fbldspar and bombleode, whose oomposildoii is leas 
mistakable, have been called dioriles (Gr., iiupoc, a clear distinction). 

The term porphyry {Gr., TTop^pa, purple) was originnlly applied to a red- 
dish rock of igneous oH^n found in Egypt, and much used Ibr ornamental 

QmtsnoNg.— What uUaa hu tnp often f xertcd on olher rocks which are Id contact 
wlthlt? WIWtaretbepriiiElpalnriettBiDrti'KFr DoKriba the LaullA WliAbuatho 
gnautoneir WhM urs doletltsa nail dioiltva r yntttlMfotgiijiyi 
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parposesL It is now, however, employed 
by geologists to designate any rock 
(trlialerer. its color)' wliioh contains do- 
tacbed cryetalB imbedded ia a compact 
base or matrii:. (See Fig. 13.) Rocka 
Uius coQstituted tLTO very cLaracteristic 
of lite trap group, but do not belong ex- 
cluaiTely to it 

TThen porphyry is spoken of 'm gon- 
enil tcrma, the base is understood to be 
Itldspar, with imboddcd crystaJe of feld- 
ipai hut when the base is aome other 
nunentl compouad, as basalt, greenstoDE^ 

(TBnitc, etc, the porphyry receives a dis- • 

tiadire Qamie from the basio mateiial ; and thug we have bosoltie porphyry, 
grccnstoDe porphyry, porpbyritic graiiiCa, etc, etc. 

The term amygdalaid (Or. aiaydaita, an almond), is applied to oertain 
rocka, eq)edaJ]y abundant in the tr^ serioc^ which coDtain small rounded, 
vesicular cavitie* partidly or entirely Med with crystalliDe deposits of dif- 
fercut minerals. These miueral^ being of a different color from the mass of 
the rock io which Ibey are imbedded, have somewiuit the appearance of 
elntonds in a cake, and heoce the torisa amygdaloid and amygdaloidai. The 
crystalliue deposits fbuod in amjgdaloids are generally csrlxinate of limo 
(calcspar), agate, Jasper, quarts etc Fig. 14 represeala a specimen of vesi- 
cular lava, in one tialf of which tiie cavities or vesicles are empty, while the 
other part is amygdaliHdal, t. «., the caviliei being QUod with coiimuate of 
limc^ which appears as white kernels, 
lite Irap-di^or ftttodonot diSerefisentially from those ofvokanic or^. 
Fia. 14. In addition to the general divisions 

of the trap rocks above described, 
different geological wrilcra further 
reooghizo a great number of other 
varieties or^ub-speciee. The follow- 
ing are tiio odcs which the student 
will be most likely to moot with in 
his reading or collectioos ; — 

CUnkslonei or phondila dilfer little 
from the basalts in composition, but 
are less compact, and break up ioto 
slate-like fragments ; when struck by 
the hammo-, they emit a ringing me- 
tallic sound — whence the name. 
C^aysione ia an earthy, compact stone 
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of a purplish color, and haying tho aspect and texture of a baked or in- 
durated clay. Eomstone (jpetrO'Silex or rock-flint) is a compact^ liighly silicious 
rock, with very much the aspect of a tough, massive flint ; it has various 
colors and is often translucent Other varieties of trap or porphyritic rocka 
are known as melaphyre^ aphanite, euphotide, diaUagej diabase^ etc. 

40. Geographical Distribution. — The geographical area occu- 
pied by the trap rocks is very extensive. In South America trachytic rocks, 
holding an intermediate place between the trappean and volcanic rocks, have 
an enormous development, and in the chain of the Andes, of which they 
form the summit, the beds are sometimes 18,000 feet in thickness, as at 
Chimborazo and the volcano Pinchincha. In the United States the trap rocjcs 
are mostly referred to the class of greenstones, and are extensively developed. 
In the Atlantic States three belts or ranges occur, which belong to the east- 
*em slope of the Appalachian and Green Mountains, and are co-extensivo with 
them. One belt, the eastern, begins in Rhode Island and extends entirely 
across the eastern part of Massachusetts into New Hampshire, and also en- 
circles in part Massachusetts Bay.* The second belt runs up the valley of 
the Connecticut river and passes entirely across the States of Conneetknit 
and Massachusetts, terminating at New Haven in the well-known '' East*' 
and " West Bock." The most prominent elevations of this range are Mt 
Holyoke and Mt. Tom on opposite sides <^ the Connecticut river, near 
Northampton in Massachusetts. The third belt of trap or greenstone occu- 
pies a part of the valley of the Hudson River, appearing conspicuously and 
forming the bold continuous bluff, in the southern portion of the valley, tenned 
the " Palisades."! ^^^ ^^* ^ prolonged •through New Jersey, and may bo 
traced, with a few interruptions, through Pennsylvania, Virginia^ North and 
South Carolina, and into Greorgia.:( Trappean rooks are very abundant upon 
Lake Superior and mainly constitute the well-known promontory " Kewau- 
nee Point" and also "Isle Royal." Upon the western slc^ of the Rocky 
Mountains, near the head waters of the Columbia and Colorado Rivers, trap 

QmcSTiONB. — ^What is said of the geographical distribation of tho trap Tod^f What are 
tiieir promioent features in the United States ? 



* This belt, or rather area of greenstone, is prominently exhibited in Weston, Wal« 
tham, Lexington, Wobam and Wrentham in Massachusetts, and onward to Ipswich in 
New Hampshire. It also presents very striking and easily recognized features at Na- 
hant, Salem, Marblehead, and at numerous points upon the coast of Maine and Nova 
Scotia. 

t " This locality may be regarded as a typical representation of trap." — Emmokb. 

X This range of trap extends through New Jersey in nearly cdhtinuous ridges, and 
forms several consptonoofl elevations between New York City and Newark. In Penn- 
sylvania it is conspicuous in the north-eastern counties, i. e., Burke, Montgomery and 
Chester. The ** Coneaeaga Hills** of Pennsylvania are trap. In Virginia the trap range 
appears between Fredericksburg and Buckingham County, and pursues a southwest di- 
rection into Rockingham County, N. C, continuing to the Yadkin. Another branch be- 
gins near Oxford, Granville County, N. C, and extends into South Carolina, terminat- 
ing apparentiy inthe Chesterfield District 
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roeks arc probably developed to a greater extent than in anj othw portioa 
of the North Americaa Continent. 

41. Surface Configuration of Trap D i s t r i c t s .-—Districts 
abounding in trappean rocks exhibit a greater diversity of surface than is oc- 
casioned by the presence of almost any other geological formation — the char- 
acteristic features being long, low ranges of hills with a peculiar undulating 
outlme, detached and isolated conical eminences, step-like ascents, abrupt 
crags, and often perpendicular walls of great height and length (& g., the 
Palisades of the Hudson) — the whole producing scenery extremely picturesque 
and beautifuL The soil, also, resulting from the decomposition of trap, as 
■v^ll as from most volcanic rocks, is generally remarkable for fertility, while 
the natural joints and fissures peculiar to rocks of this formation establish an 
effective drainage. 

42. Industrial Applications. — ^Many of the varieties of trap d£- 
ford very durable building materials, but the difficulty of dressing them into 
proper shape, combined with their dingy and unattractive colors, restricts their 
api^ication to architectural purposes. Their hardness, however, renders them 
peculiarly fitted for the construction of roads and for " nmoadamizing." Ba- 
salt, artificially melted and cooled rapidly, is converted into a kind of obsid^' 
ian (volcanic glass) undistinguishable by any external characters from that 
derived from volcanic districts. Such an artificial obsidian is now manu&c- 
tared in Birmingham, England, and cast into ornamental blocks and moldings. 

Rocks of trappean origin rarely afford available supplies of the metals. 
The wonderfully rich deposits of native copper in the vicinity of Lake Su- 
perior occur, however, in trap rocks, and are a notable exception to the rule. 
The amygdaloids and trap-tuffs abound in " geodes,^^ or rounded nodules having 
internal cavities lined with crystals of quartz or amethyst, or concentric 
layers of agate, camelian, chalcedony, or Other minerals ; and it is from this 
source that most of the above-named gems, made use of by lapidaries and 
jewelers, are obtained- In external appearance a geode is generally an ir- 
regular spherical mass of mineral matter, but exhibits a be&utlful internal 
structure when fractured. 

SECTION III. 

anAKiTio BOOKS. 

43. This series of rocks derives its name from grcmite, 
its prindpal member. They are all highly crystalline, and 
none of their crystals are rounded or water-worn. 



QustnoKo. — What is the Borface configaration of the trap districts ? What are the 
Indiastrial i^pliciUions of the trap rodcs and their associated minerals? What are 
^ geodes f * What is the general character and position of the granitio rocks ? 
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They occur, for the most part, in the crust of the earth, 
as mountain masses or veins, bursting through and pushing 
up the sedimentary rocks into inclined and unnatural po- 
sitions. (See Fig. 15.) 

Fig. 15. 




44 Typical or True GraBite is composed of three min- 
erals — ^feldspar, quartz and mica — promiscuously inter- 
mixed, in the form of distinct grains or crystals. 

The proportions of these three constitaents vary mdefinitelj, with this lim- 
itation, that the feldspar is always an essential ingredient, and never forma 
less than a third, rarely less than a half of the mass, and generally a still 
larger proportion. Sometimes the mica, sometimes the quartz, becomes so 
minute as to be barely perceptible. The state of aggregation of the mass^ 
also, varies greatly ; some granites being very close and fine-grained, whilo 
others are largely and coarsely crystalline. 

Masses of granite occur in Norway with feldspar crystals of a cubic foot, 
mica crystals of a square foot in dimensions, and the quartz in still more con- 
siderable masses — at one place twenty-one feet thick — extending between 
them. In other cases, granite of a uniform and extremely fine ^.rain may be 
seen upon the sides of some mountams, covering acres of surface, without a 
crack or a seam. 

The colors of granite are generally red, gray or white. 

45. Varietieti of Granite. — ^In addition to feldspar, quartz and 
mica, or in place of one or two of these ingredients, other minerals frequently 
occur in granite, giving rise to numerous varieties or sub-species. Of these 
the following are the most important : — 

When hornblende replaces the mica found in true granite, the rock, although 
not essentially changed in character, is termed Syenite^ ih>m Syene, in Upper 
Egypt, where it was early known and quarried. When hornblende and mica 
are both found in the same variety of granite, the rock is termed Syeniiic 

Qni»no2<s.— What is the composition of tme gr&nite t What are the prevailing colors 
of gnoite t Wtaal constitates varieties in grantte f What is Syenite ? 
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frauUt. Unch of the so-called MoBBacIiusettB (Qaincj) gT&nlM, [amoua for its 
uchttectoral applicatious, is Bjenite, — tlie homUeude being frequmtly id vary 
Bnall proportion. Eiamplaa of this rook in construction may bo soon in 
Boaker UJU Monument, the cuBtom-botlse and co<lrt-housa in Boston, tlie 
Mercliants' Exdiange and Astor Hoosa ia New Toric Cttj, anil the custom- 
luuse in New Oriaans. 

When talc oocim in the place of mica, the adouzture of fuldapar, quartz 
iDd tile iB called I'rolegaic, or taicoae irnniite. 

Graphic grartHe ia composed of &eBb-colorod or whits feldspar, intermixed 
iritU tbin und Irrogulurly -shaped lamias: (jilales) of quartz. A section across 
the cads of these laininee exhibits tho appearance of Arabic or hieroglyphic 
writing upon the folilspar tablet; liencs the name. Fig. 16 ia a fac-aimile of 
a section ol graptiic granite Irom GosUon, Mass. 
FlO. 16. 



Sypfrsiherte rock, or hypersthenic granite, is the came given to a rock 
bavuig the mafslve structure of gmnile, which is composed tnainiy of labra- 
dorite (a Tariety of feldspar) and Iiypersthene (a mineral allied to hornblende). 
It is of a gray or bluiiJi-gRiy color, and ia found most abundantly in the United 
States in the district of the Adirood^kck Mountaias, in New York. 

When a [liTanite,' in addition to the aggregated crystsls composing the gen- 

tnl mass Q^ tLe rock, contains large and distinct cryHtals of feldspar, it ts 

Fia. n. 
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termed porphyrUie. Fig. 17 repreeents a marked exarai^ of porphjnriiie 
granite firom Cornwall, England, figured by Sir Chaiies Lyell. Pine speci- 
mens of porphyritic granite may be obtiwned in the vicinity of Lake Mem- 
phremagog, Vermont. 

Beside the preceding, there are many other granitic compoands, in aU c^ 
which feldspar, quartz, mica and hornblende are the principal ingredients^ 
and talc, hjrpersthene, chlorite and schorl the chi^ modifying (^ accidental 
mmerals. Sometimes half a dozen yarieties of granite may be found in the 
same district, or even in a single quarry. 

Origin ofGranite .—The granites differ little in chemical composition 
from the trappean and volcanic rocks — silica, alumina, lime, magnesia, pot- 
assa^ soda and oxyd of ux)n being common ingredients of alL Tliese sub- 
stances, combined in different proportions and under different circumstances 
of pressure, etc., may yield a porous lava, a compact trap, or a crystalline 
granite. 

An the varieties of granite preserve certain characteristic features in com- 
mon. They arc, for example, more crystalline than any other igneous rocks ; 
they are never porous and vesicular like recent lavas ; and never amygda- 
loidal, like many of the traps. They are, moreover, rarely found overlying 
other rocks, as trap is often seen to do. 

On the other hand, instances are cited where contiguous masses of granite 
and trap imperceptibly blend into each other ; and it is al^ claimed, that 
granite, like trap and lava, indurates and alters (as if with intense heat) rocks 
of other formations with which it comes in contact Granite, like trap and 
lava, is also an " eruptive" rock. Geologists, therefore, have been led very 
generally to the opinion that the granitic rocks were originally melted at 
great depths in the earth and subsequently cooled and consolidated under im- 
mense pressure and with extreme slowness ; and that to these conditions they 
owe their crystalline structure, as well as that compactness which is wanting 
to most lavas and to the slag produced by molting granite artificially. The 
compactness of the trap rocks over the volcanic is also ascribed, in a degree, 
to similar conditions of formation. 

This generally-received theory of the igneous origin of granite has, how- 
ever, within a recent period, been questioned or disputed by not a few able 
chemists and geologists. Admitting that the mineral constituents of granite 
have been in a fluid or partially fluid state, they ascribe this result to the 
solvent action of chemical solutions, aided, it may be, by moderate degrees 
of temperature, rather than to fusion by intense heat. Some of the arguments 
which have been brought forward in support of this view are as follows : — 

Li granite quartz is the most recent mineral Tliis seems evident from the 



QuisnovB. — ^What is said of the chemical composition of ffn^te ? In what do the 
g r anitc e eqweiallj differ firom the traps and lavaH? What is the generally received 
ttworj respecting the origin of granite? What other view is entertail^ed ? What are 
some of the fkots opposed to the igneoos theory ? 
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d re omsia nce that the quartz is found to oeoopj the space left by the other 
oonstitoeats of the roc^ i. e., mica, feldspar, etc., and also presents impres- 
OfODS of the crystals of the associated minerals without their edges or angles 
appearing in any way broken or rounded.* But quartz is much less fhsible 
than either mica or feldspar, and consequently would have crystallized and 
oenscdidated first, had the wltole mass of the rook been melted. That it has 
not so happened, is claimed to be entirely inconsistent with any hypothesis 
of igneous fusion. 

Granite veins, not thicker than fine wire or ordinary writing-paper, in some 
instances traverse rocks of other formations for a considerable distance. The 
advocates of the igneous origin of granite suppose that these veins have been 
Ibrmed by the injection of molten mineral matter into fissures previously ex- 
isting ; the opponents o^ this theory, on the contrary, maintain that gradual 
solidification and cooling---conditions deemed essential to a crystalline struc- 
ture—would, under such circiunstances, be impossible. The occasional pres- 
■ ence in granite of minerals containing a considerable proportion of water in 
combination, is also regarded as inconsistent with the supposition that the 
constituents of the rock have been sul:]jected to the continued action of in- 
tense heat. 

These and other similar arguments have^ therefore, induced many geologists 
to entirely abandon the theory which ascribes to granite an exclusively ig- 
neous origin ; while others — ^perhaps a majority — still regard the evidence in 
favor of the igneous theory as sufficiently satisfactory.! 

IndDStrial Applications.— Granite holds the first rank 
among building stones for durability. The finer varieties 
are susceptible of a good polish, and retain it for a long 
time under all atmospheric influences ; granite, moreover, 
does not readily become stained by vegetation, and when 
carved preserves its sharp edges longer than any other rock 
used for architectural purposes.| To crush a half inch 
cube of the best granite requires a pressure of 24,500 lbs. 



* This ** order of succession** in the constituents of gtanite may be seen to adrantaga 
in the coarsely crystalline spedmens. 

t The aaUior, althoi^ IkToring the most recent vleirs, has no^ thought it expedient, 
ia an elementary iext>book, to depart firom the usual classification which assigns to gran- 
ite a place among the igneous rocks. Whatever theory may finally prevail, the student 
in pouession of the foots as abore glren can not well be led into error. Those desirous 
of farther information wHl find a full exposition of the modem ^lews respecting the 
origin of the crjrstalline rocks in Bischof *s ** Chemical Geology," English translation. 

X The pedestal of the statue of Peter the Great, at St Petersburg, consists of a single 
perlect bloek of granite fkom Finland, weighing 1280 tons : while a monoUthio statue 
of red granite* oe the site of tocient Memphis, sixty fSset in height, has an eBtimate& 
vei^ofSSTtoiiB. 
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Granite is commonly sold, in the rough block, by the ton 
of fourteen cubic feet, or, if dressed, by the supeiicial foot 
of hammered surface. 

Granitic rocks often contain veins of metalliferous ores, 
which are commonly found most -productive near the line 
of contact between the granite and other formations. They 
are also the repositories of many interesting minerals and 
gems. The finest porcelain clays (kaolin) result from the 
decomposition of the highly feldspathic varieties of granite. 

46. Distribution of Cranitc—Graniteisoneofthemost 
easily recognized and widely distributed of all rocks. It 
forms the principal mass or axis of most of the great 
mountain ranges of the globe, although it rarely reaches 
the most elevated summits ; — Mt Blanc in Switzerland 
being the highest known peak of granite. 

In all the New England States granite is most abundant ; the most cele- 
brated quarries being at Quincy, Mass. (where the rock is a syenite), and 
upon the coast of Maine. Some of the quarries in the latter State are ca- 
pable of furnishing perfect blocks of fine grained granite from thirty to sixty 
feet in length. Granites and syenites abound in the southern Highlands of 
the Hudson and along the shores of Delaware Bay. A granite obtained on 
Staten Island, and much used for paving in New York City, is remarkable for 
its density, a cubic foot of it weighing over 180 lbs. ; while that of Quincy 
weighs only 165 lbs. In Virgini§k granite is not, comparatively speaking, 
abundant; the principal variety— occurring on the low ranges of the Blue 
Ridge— being composed mainly of quartz and feldspar. A ridge of granite 
forms the first waterfalls of the Bappahanock, James, Roanoke, Neuse, Tar 
and Cape Fear Rivers. In South Carolina and Upper Georgia the formation 
is finely developed, and at Abbeville, S. C, the rock can scarcely be distin- 
guished from that at Quincy. The &mous stone mountain of De Kalb Co., 
Ga., is a huge mass of granite rising almost perpendicularly several hundred 
fiset above the surrounding country. 

In the highlands of Wisconsin and MteUgan, on Use northern side of Lake 
Superior and Lake Huron, and between the Upper Mississippi and Lakes Su- 
perior and Michigan, granites cmd syenites abound. 

Upon the Pacific coast granite is a constituent part of all the great mount- 
ain nmges of Oregon and California. 

QUEsnovs. — ^Whftt is said of the distribation of grranite t Wbftt ftre some of its most 
AtfBoat qaarriet in the United States? Wha.t of its eoenrrenoe in the 8oaUieni Statei 
and at the West ? 
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47. Surface €onfigiirati«B of 9ranitio Di strlcts.— The 

phy^ial aspect of porelj gcaaitic disti^jts is in general 8oml»:e and monoton- 
0Q&— hills with a heavy rounded outline asad sHgfatly undulating plains being 
the characteristic featuresL Partly firom tiieir elevated and exposed situation 
as mountahi <^aiii8 and taUe lands, and partly fbom the baaren nature of tfaeii 
scanty soil, granitic areas also oSbt but few inducements ibr the agriouHuri^ 
Some of the most barren and unfertile portions <^ New Rngland are her 
granitic districts. 



CHAPTER V. 



VAEIETIES Am) LITHOLOaiCAL CHARACTERS OF THE 

AQUEOUS ROCKS. 

48. It is admitted by all geol(^ists that the aqueous 
rocks have resulted, either directly or indirectly, from a 
disint^ratipn and breaking down of the igneous rocks and 
a rearrangement of their particles ; and that the agencies 
by which these results have been effected have been me- 
chanical, chemical and organic. 

The special action of each of these various ft)rces will be considered here- 
after in detail, but at present our attention is to be directed to results rather 
tiian causes. " "We are compelled," says Mr. Jukes, " to look upon thepurel'g 
igneous rocks as original productions. We can only speculate, and that very 
vaguely, on what was the conditions of the materials which compose them 
previously to their .being placed in a molten or plastic state, in the positions 
where they subsequently consoUdated. But in our examination of the aqueous 
rocks we can go a step further back, and learn, either accurately or approxi- 
mately, whence the materials composing them were derived, and what was 
their previous condition." 

49. Aqneons Socks Hecbanically Formed.— The agencies 
concerned in the production of the&e rocks are, moving 
water (including ice) and moving air. 

All the earthy matters we see around us, the mud, the day, the soil, the 
sand, the dust, the gravel and the rounded rocks and pebbles, are only so 

Qtji»tiox8. — What is the general surface configuration of granitic districts? In what 
manner hare the aqneons rocks been formed f What mechanical agendes hare been 
ooneemed in the formatioa of the aqneons rocks ? 
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anxoh raw materiBl in the {Hrooeas of msmpoktioQ. Tberf may be Hkeood to 
the refuse and the chips of some yast manu&otoiy. They are the buikliai^ 
materials of the stratified, sedimentary rocks, which are being carried from 
the qnany to the {dace of coDStmction. Ev^y pebble, every grain of sand, 
ey^cy atom of mod is a fragment of a pre-existing rock, remored at some pe* 
nod of past time and destined ultimately to enter into the stmcture of some 
oth^ rock in the futore. — Jukbs. 

50. AlluYium.— This term (from the Latin ad, together,-' 
and Zi^rCj^ to wash) is usually understood to refer to mat- 
ter washed or brought together by the ordinary operations 
of water. 

The soil and simds of river banks, deposited from overflows, of plsdns which 
have been once the sites of lakes, or estuaries of the sea, and the sand and 
mud resulting from tidal action, are considered as alluvial. 

Drift or Diluvium (Lat. dis, asunder, and It^re, to wash) 
is the name given to accumulations of abraded materials — 
sand, clay, gravel and fit^ments of rocks — ^brought together 
or produced by the apparently violent action of water, or 
water and ice conjointly. 

51. 8 oil is merely disintegrated and decomposed ro(i:, 
containing a variable proportion of organic matter, the 
product of decomposed vegetable or animal substances. 

The principal mineral constituents of soils are silica (sand), alumina, lime, 
magnesia and oxyd of iron ; of these silica is the most abundant, and fre- 
quently forms nine tenths of the entire weight of the soiL Grood araUa soil, 
in addition, always contains small quantities of potash, soda and phosphoric 
acid. 

The relative proportions of sand, day and lime in soils give to them cer- 
tain peculiar physical characters. A soil in which sand predominates is light 
and porous ; an excess of clay, on the other hand, renders it heavy and re- 
tentive of moisture. The best soils are those in which the earthy constitu- 
ents are so proportioned that the light, porous qualities of one are balanced 
by the close, retentive properties of the otiier. 

The quantity of organic matter (humus) derived fix)m the decompoation of 
animal or vegetable substances present in a soil essentially modifies its char- 
acter. The average amount of organic matter contained in soils is about five 
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QuKsnoiTB— What is aUnviam f *What is drift or dilnyinm ? What is a soil ? What 
are the principal mineral constitaents of soils? What gives to a soil its physical charac- 
teristics ? What is said of the organic constitaents of soils ? 
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t«r Mit Jertae aUoTisl Mlla, or those dqwatted fan* water, ats geiMialtr 
dancterued bf Uie preeenoa of a much larger propcrtion, andinwiBiepea^ 
nU the emoont may exceed aerentj or eightj per ceot, 

"Hie preaence of oisaiiic matter in a b<h1 is eatSj- proved b7 i^tii^ a Ihor- 
ragblf dried portion and notu^ the lam of ireight oooaequent upon the ope- 

52. GroTCl is the term applied to the water-worn frag- 
ments of rocks, when the pebbles or particles vary from the 
Bize of a pea to that of a hen's egg. It is generally com- 
posed of fragmenta of the harder and more Bilicious rocks 
— Bs these longest resist the process of attrition, 

53. Bowlders aro detached masses of rock, generally of 
a rounded form, scattered over the soil or distributed 
tliroughout the surface material. They are often of im- 
mense size and are not necessarily like the rocks which are 
contjgaous or underlying. 

fig. 18 rc^resenta the appearance and distribnlioa tit bowlders at a kcall^ 
en Cape Ann, MaasadinsettB. 

Pig. 18. 



54 CoBgloiQcralei are cemented masses of gravel and 
pebbles of all sizes ; in other words, consolidated gravel 
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They are sometimes termed " pudding-stones/' from the 
fancied resemblance of their pebbles to the fruit in a plum- 
pudding. 

When the term " conglomerate'* is used alone, we usoally understand a 
mass of quartz pebbles united hy a silicious sand or cement ; but when tho 
pebbles consist of trap, limestone, slate or other rock, the &ct is denoted hy 
calling them trappean, calcareous or slaty conglomerates, etc* 

55. Breccias are compacted masses o{ irregular ^ angular 
fragments ; whereas in conglomerates the component peb- 
bles are always rounded and water- worn. 

56. SandstOReis simply consolidated sand^ the particles 
being compacted by pressure, or held together by some ce- 
jnenting material. 

Sandstones exhibit every variety of color. The red appearance of the 
sandstones of tho valley of the Connecticut, of New Jersey, North Carolina, 
etc., is mainly due to the covering of each little grain with peroxyd of iron, 
-which, sometimes acts as a cement to the stone and binds its particles to- 
gether. Flakes and spangles of mica occur so abundantly in some sandstones, 
and in such regular seams, as to cause the rock surfaces to glitter and the 
rock itself to split into thin plates or slabs. Such sandstones are called mica- 
ceous. 

A sandstone which admits of being freely cut and worked 
by the builder is often iermed/reestone. 

The composition of day has been already noticed. (See § 14, page 19.) 

57. Harl is a loose appellation for all friable compounds 
of clay and lime ; when the clay predominates it is called 
an aluminous marl ; but if the lime is in excess, it is 

QxTEsnoirs. — ^What are breccias ? What is a sandstone T What is the occasion of tho 
red color of many sandstoncts ? When is a sandstone said to be micaceous ? What te 
fireestone f What is marl ? 



* The abundance of silica in sand, gravel, conglomerates, etc., is due to the predomi- 
nance of silicious rocks in the crust of the earth, as well as to their great durability and 
mode of fracture. Highly silieious minerals are not easily acted upon by water or any 
other common solvent, and are not, therefore, so eadly dkdntegrated by diemical force 
M those whidi contidn lime or other minerals. On the other hand, quartzose rocks, 
though very hard, are often rather brittle and tend to break into cubical masses rather 
than into plates or slabs. These Ynasses* are soon oonrerted, by motion in water and the 
consequent rounding of their angles, into more or less globular pebbles, and are moved by 
the action of currents .with comparative fSMsility.— JuJbeiL 

V 
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termed a calcareous marl, " Shell-marl" is the term ap- 
plied to Buch varieties as contain abundant remains of 
shells. 

58. loam is a soft and friable mixture, containing much 
clay, sufficient sand to render the mass permeable by water 
and prevent plasticity, some iron, and a varying proportion 
of organic matter. 

59. Shale (Ger. schalen, to peel or scale off) is a term 
applied to such argillaceous (clayey) rocks as split with 
fedlity into irri^ular plates or layers, in a direction paral- 
lel to each other and the original planes of deposition. 

60. Slate . — This term is often applied to all hard rocks 
that can be readily split up. It should, however, be re- 
stricted to the highly compact and indurated argillaceous 
rodcs, like roofing slate, which split with great regularity 
into thin, smooth plates, or layers. 

In true slates the splitting or " cleavage" does not necessarily take place 
(as in shale) in lines parallel to the original planes of deposition, but it maj 
be at right angles to them. 

61. Sebisl is a term often used as synonymous with slate, 
but is properly limited to argillaceous rocks more highly 
indurated than slates or shales, often highly crystalline in 
texture, and which split either with the bedding or across 
it, but with much less facility and regularity than the 
elates. 

la general, a n)ck described as " schisioae'^ is understood to have an imper* 
feet slaty stracture, but the transitions from shale to slate, and from slate to 
schist are often so gradual as to be hardly discernible. 

62. Aqneons Boeks of Chemical or Organie Origin.— 
Under this group are included most of the limestones 
(carbonate of lime), with the exception of some of the 
more highly crystalline varieties (statuary marble), which 

QnBBnoNa.—What is loam ? What is shale? What is slate? What is schist ? YHmii 
Is a rock said to be sehistoeef What aqneons rocks may he espodaUy re&ned to a 
dtemkaJ or organic origin ? 
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axe considered as metamorphic ; the magneeian limestones ; 
silicious sinter ; infusorial earths ; gypsum (sulphate of 
lime) ; rock-salt ; coal in all its varieties, etc., etc. 

Carbonate <^ lime is nearly insoluble in pure water (dissdving only to the 
extent of two grains to the gallon) ; but in waters charged with carbonic add 
gaa it dissolves freely. The waters of ordinary springs, rivers and lakes al- 
ways contain some carbonic acid,* and in almost all of them carbonate of 
lime is retained in solution in variable proportions. In some sprii^ it coca- 
sionally reaches the point of saturation, which is about 105 parts in 100,000. 
In the river Thames the quantity of carbonate of lime present has been esti- 
mated to be fifteen parts in 100,000 of water ; in the Bhine, at Bonn, 9.46 
parts in 100,000,f 

Notwithstanding the inmiense amount of carbonate of lime continually 
carried into the ocean by land-drainage, the quantity found in sea-water is 
very small, and in most analyses of sea-water it is not mentioned at all.f 
Tills curious &ct has been accounted for on the supposition that carbonate of 
lime is continually abstracted from sea-water by marine animals, for the 
formation of their shells and other hard parts of their structure. 

When waters containing carbonate of lime in soluticm are agitated or 
heated, or even exposed continuously to the air, the carbonic add, entirely or 
in part, escapes, and the lime is precipitated, forming incrustations, which may 
be often noticed in the channels of streams, or more commonly in water-pipes 
and on the sides of kettles and steam-boilers (the fur). 

63. Stalactites and Stalagmites.— This action is beau- 
tifully illustrated in the formation of concretionary calca- 
reous deposits in caverns, termed " stalactites" and " sta- 
lagmites.'' 

Water charged with carbonate of lime and carbonic add falls in drops from 
the roof and sides of the cavern ; but each drop, before feJhng, remains sus- 
pended for a time, during which it loses, by evaporation, both water and car- 
bonic acid gas, and its solvent power being thus dimini^u^d, a minute por- 

QuBsnoNS.— What is said of the presenoe of carbonate of lime ia water ? What is said 
of the presence of carbonate of lime in sea-water ? When will carbonate of lime be pre- 
cipitated from solutions? Describe the formation of stidaetites and stalaga^tes. 



* Soils rich in organic matter contain much carbonic acid, and water, in percolating 
through them, is capable of absorbing it to the extent of about two thirds |of its bulk. 
Rain-water and snow, also, acquire some carbonic acid from the atmospheres 

t Bischof calculated that the mean quantity of carbonate of lime carried into the sea 
by the Rhine is suflQcient for the yearly formation of three hundred and thirty-two thou- 
sand millions of oyster ^ells of the usual size. 

t Other comHnations of lime, i. «., sulphate of Uqm, chloride of calcium, and the Uke« 
are always found in sea-water. 
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tkmof B^id cftiboutaof lime ia dapofited. Tb* aaoie drop ■!«> deposita •■- 
(itb»' minute portioa of calcoreoiu mattar on the Bpot upoa wbicb it lall^ 
*zid as tbo drops collect on nearij tbe Bame spot Ibr a loDg period of time, a 
depen^Dt maaa like an icicle ia formed from the loof of tbe eareni — the 
Malactite ; ivhile auother iacrastatioQ gTadaallj' riaea op from tbe floor be- 
oeiiti — tbe ttaloffntite. In tbe proeeaa of time tbe two nuif meet, and thna 

Fia 19. 



form a contiuuous columo. Fig. 19 represenla tbe appeartmce of these depo- 
sitioiis in tbe Uammotb Cave oT Zeotucky. Vertical Bbeets of the aame 
material mav also be built up, as when the water drips &om a long joint or 
OEore in tbe rooC Tbe limestone Uios formed ia ODmnualy wiHe or pale 
jellov, ofteu flbroos, and when tbii^ Bemi-transpaient and crjBtalline. 

&talaclit«9 may alao often be otiserved under vaults and arches, especiallj 
if the alone of vhioh tbej are constructed is UmeBton& ^ 

64. tale&reoai Tnfa, or Travtilint is a deposit ana)^ 
ogoas to stalactite, fonned at the margioB or bottoms of 

QnmnBi.— Wtut I> alareoni ta&, or tnTerlJns f 
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springs or rivers, or wherever water holding earboi^ite of 
lime in solution is subjected to evaporation. 

Tmyertine forms beds of limestone of considerable extent, which is often 
fliTSt^Uae^ and sufi&cienUy compact to be used for architectural ](^urposes. 
The Colosseum at Home and the walls and temples at Paestum are built of 
stone thus formed.* Thermal springs produce travertine most abundantly, 
and at a locality in the vicinity of Rome a layer of this rock, thirty feet in 
thickness, has been formed in twenty years. It is also deposited by springs 
of ordinary temperature, and in some localities in great quantity, as at New- 
Lebanon, Chittenango and Sharon Springs, in the State of New York. At the 
last-mentioned springs a mass of tu& has been formed, which contidns upward 
of 200,000 cubic yards of rock. 

The waters of some springs contain so large a proportion of calcareous 
matter when they first issue from the earth, and deposit it so readily on ex- 
posure to the air, that advantage is^oftcn taken of the circumstance to obtain 
incrustations of sticks, leaves, baskets, birds' nests, etc. Fig. 20 is a repre- 
sentation of a twig of wood thus incrusted. 

Fig. 20. 




At the Baths of San Fillipo, in Tuscany, Italy, the preparation of casts in 
this manner fiK)m molds, bas-reUe/s and medallions, constitutes a regular busi- 
ness. 

Very beautiful impressions of a great variety of leaves in travertine are 
abundant at Sharon, N. Y., and large masses of incrusted moss are common 
at Niagara and Genesee falls ; while in the vicinity of Caledonia, Livingston 
Co., N. Y., the incrustations of organic structures are so abundant that they 
are used in the construction of walls and fences. 

65. Preih-Water limestones.— This name has been given 
to a class of limestones which have evidently been depos- 
ited at the bottom of fresh- water lakes. 

Some varieties resemble travertine in their appearance, but in general they 

QmSTioiTB.— Give some ^zunplM of its formation. What are the freshowater lime- 
atones? 

* The name ** travertine" ia derived f^om the rivof Tiber, and simply means ** Tiber- 
atone.** 
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•pp«r to be Ifae retnlt of the dqxisttion of a dOoareoos mod (the pfodoet of 
the disiiitegration of shells and the wear of preyiously existing limestoneB) 
mingled with day and the detritus of other rocks. In some instances the 
proportion of day present is sofflcient to cooyert them into marls. Fresh* 
water limestones are usually rich in organic renuuns— shells, bones of ani- 
mals and the leaves and stems of plants. 

66. larine Limestoiet. — Limestones of the class of tra- 
vertines, tufas and firesh-water limestones constitute, how- 
ever, but a very small proportion of the great deposits of 
carbonate of lime distributed throughout the earth's crust ; 
and most of the calcareous rocks, from the abundant re- 
Biains of marine animals, corals, shells, etc., contained in 
them, appear to have been formed beneath the waters of 
the ocean, and are, therefore, termed " marine limestones." 

. Geologists and chemists are not ftilly agreed as to the manner in which 
these immense deposits of marine limestones have originated. That carbon- 
ate of lime has been deposited from solution in sea-water, at tiie bottom of the 
ocean, like travertine, in consequence of extensive evaporation, is obvionriy 
improbable. The quantity of carbonate of lime present in sea-water is, more- 
over, comparatively small. Some geologists, therefore, have advocated a 
theoiythat lime is an organic product^ and that the marine animals and planter 
which secrete carbonate of lime abundantly, produce it by the agency of vi- 
tality ih>m other and more simple substances. Such a supposition is, how- 
ever, at variance with every principle of chemical phUosophy, and at present 
has few or no supporters. 

other geological writers are of the opinion, that whatever may have been 
Jhe condition of lime as an orig^inal constituent of the earth's crusty all the 
marine limestones have been formed by the intervention of the powers of or- 
ganic life, which, as manifested in marine animals and plants, have abstracted 
the carbonate of lime, particle by particle, from the sea-water, and byaolidify- 
iog it^ have enabled it to form compact rock-masses.* This hypothesis finds 



QuvTioifB. — What evidence have we that the minority of the limestonef are of marint 
oilgiaf What theorlea of their origia have been adopted i 



* *1 When we consider the vast qnanttty of carbonate <rf Ume irhieh ie daUy and honrlf 
being separated to form the soUd parts of aidnuls, and rssMmber that the op er atto n goes 
on in wide tracts of open water as well as on the sea-shore to alkr greater degree than is 
posdUe on land; tliat every race of moUoscs, cmstsoems and aoophTtes, inhaUtlag 
ihella, or building coral reefb, or constructing otlier stony dceletons and dwelliag-plaoes, 
secretes a quantity of this material from the sea-water and renders it permanent in a 
•oHd form :— wlien we remember, too, that the quantity seeretud by eaeh individual dnr- 
iag its brief ezistenee is almost always greater in proportion as the aatasl is smaller aad 
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fltroog support in the fiwjt that nearly all the stratiAed IhneatcmeB aboand in 
the foanl remains of marine oiganisma, and in many instances the entire mass 
<^rock oyer wide areas is whoOy composed of corals and shells compacted to- 
gether by a calcareoQS mad or cement derived from the waste of anidogovs 
materials. 

Similar marine limestoneSi fnrthermore, are now in process of fomnation on 
an extensive scale in most tropical seas, which aboand with shells and corals. 
In the vicinity d Florida, Hayti and the Bermudas, eq)ecially, the sea is 
loaded with fine caleareoos matt^, the prodact of the action of the waves on 
coral reefs and dead shells; and these fine particles of lime, acting as a 
cement between larger fragments of shells and corals, gradually produce hard, 
compact limestones. Becent investigations by Pro£ Agassiz have shown, 
that in this way the whole of the southern por^n <^ the peninsula of Florida, 
extending from the Atlantic to the Gulf of Mexico, and including the (^strict 
known as the " Everglades," has been built up from the ocean.* 

From these and similar £u3ts and observations (which will be noticed more 
in detail hereafter), we are able to form tolerably accurate notions respecting 
the origin of many marine limestones^-making allowance, at the same tune, for 
the dianges whidi they have undergone in texture since their formation and 
elevation above the ocean, from the pressure c^ overlying strata of other rocks 
— from the deluding and chemical acti<Hi of rain-water and the atmoipb^^e— 
or from the contiguity of rocks of an ig^neous origin. 

Beoent invest^ations, conducted by Mr. T. S. Hunt of the Canadian Geolog- 
ical Survey, have also r^idered it probable that some of the marine limestones 
have had a direct chemical origin.f 

67. Magnesian limestones {carbonates of lime and mag- 
nesia) occur abundantly in the earth's crust. They are 



fts lifB shorter, and At the Bame time that the aninlMr of tafittdttale is then largest and 
ttie multiptioation of the q»eeies most rapid, little astonishment will ba fAi at the vast 
fteenmn]ati<HUi thns made in the eonrse of jears, or the result thus yrodooed upon the 
mass of solid matter in the earth's crxaV^^An^ted. 

* On the coast of the Antilles these formations of the present oeean contain artides of 
pottery and ottier objeets of human industry, and in Gnadalonpe even hnmaa skeletons 
of the Carib tribes. In Hayti similar formations, called by the negroes Ma^nnerie bon 
Dien (God*s Masonry) extend inland thirty miles, and rise to a height of npvards of a 
thousand feet above Uie present sea-lereL 

t Hr. Hunt has shown that the addition by degrees of dilute solutions of bi-oaTbonate 
of soda to liquids which, like sea-water, contain both salts of lime and magnesia, causes 
the separation and preeipitation of the whole of the lime present as carbonate, and then 
gives rise to sdntioiks of bl-carbenate of magnesia, which separates from concentrated 
solutions as a hydrous carbonate. The bi-carbonata ot seda is, at the same time, con- 
verted into dri<Hide of sodium (common salt). We have thus an explanation of several 
points wMeh geologists have hitherto found difficulty in accounting for, 'viz., the produe- 
tion of some marine limest<mes, of the magnesian limestones (carbonates of lime and 
), and in part of sea-salt ; the bi-carbonate of soda, the agent in producing these 
baiiig derived from th« decomposition of feldspathic rocks and carried into the 
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supposed to have been formed tkrough the chemieai de- 
composition of the salts of lime and magnesia contained in 
sea-water and to have been deposited at the bottom of an 
ancient ocean. 

Magnesia is one of the most abandant of the mineral constitnents foand 
in sea-water, bat does not enter to any extent into the eompositioQ of the hod 
parts of marine animals— corals, shells, etc. 

ICagnesiah limestones are very- rariable in fh^ Bthdogical characters. In 
general they are inferior in compactness and fineness of texture to pore car* 
bonate of hme, and are commonly of a yellowish-brown or gray color, with 
?ery freqaently a peariy luster. Some rarieties are earthy and friable, while 
others admit of being split ii^to long, thin slabs, whidi are sometimes flexible, 
and constitute the so-called ^ eiastic marble.*^* Many magnesian limestones 
haye also a carious concretionary structure. 

Silieieis Sinter.— This name (Ger. sintem, to drop) is/^ 
pven to aqueous deposits of silica, most frequently ob- 
served in the vicinity of thermal (warm) springs. 

Thos at &e Geysers, or hot springs of Iceland, a deposit about a mile in 
^ameter and twelve feet tluck occurs; and at the hot springs of the Azores 
elevations of silicious matter thirty ieet in height have been formed. 

68. Infosorial Earth.— Microscopic investigations have 
shown that many accumulations of stratified earths and 
rocks are almost wholly composed of the minerd. struc- 
tures — shells or skeletons — of minute animal or vegetable 

QtiM iioii «.«— What te Mid oi the dSttritratloa and formatioii of the znagnesuin lime- 
MoDflff Whatoftludreharaotarr Wbat ia liUoloiM liBtar ? Wbat is Infusorial earth ? 



■et by irartdngs flrom the land. The deeompoBttien of theiUdspatfale roeka has fotthar 
nsuHed in the formation of dajs and clay-dates. 

The following analysis by Von Bibra shows the mineral constituents of the waters ot 
ttie North AtUntic: 



Solids in 100 parts of water 

GhhHride of sodiam (oomaea salt) in 100 parts of solida 

Chloride of magnesiitm ** '« *' 

Chloride of potesslnm u u u 

Bremide of sodiam ** ** *« 

Soiphateofifanecgypsom) '* '' *« 

Sulphate of magnesia (Epsom salts)" ** " 

Balphateofpotassa *' '' '' 

CsflMmate of lime, flnorine, iron, silica, phoq>horio add, ammonia, baryta, strontia, 
Bsagaaese and iodine also exist to some extent in sea-water. 

* Tlie magnedan limestone foand at New Ashfbrd, Berkshire eoonty, M s ss , when 
■awed into slabs exhibits a very high degcw of ftexOkility. 

3* 
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organisms, which, firom the circumstance that similar forms 
are readily obtained from most stagnant infusions of vege- 
table matter, have been called infusoria.^ 

The compositioii of these shields or casings is frequently pure silica; but 
thej may be composed of lime or eyen oxyd of iron — these substances being 
secreted bj the organism from water holding silica, lime or ozjd of iron in 
solution. 

The dimensions of the infusorial structures are so minute, that the greater 
pOTtion require the aid of a microscope to establish the fact even of their ex- 
istence; many complete individuals being less than l-3000th of an inch in 
length. Accordmg to Ehrenberg (a Grerman microsoopist who has made this 
subject a q)ecialit7) 35,000 millions of some species would be requisite to oc- 
cupy the space of a single cubic inch, and the late ProC Bailey, of "West Point, 
estimated the number of separate structures in a cubic inch of infusorial earth 
from Maidstone, Vermont, at 15,625,000,000. 

Notwithstanding, howerer, the almost inconceivable minuteness of these 
organisms, the rock deposits formed and now forming of their remains are of 
great extent and thickness. At Richmond, Virginia, beds of silicbus infu- 
Borial earth occur from twenty to fifty feet in thickness, and deposits of less 
magnitude may be found in almost all sections of the United States. In 
Germany beds a hundred miles in extent have been noticed, with a thickness, 
in some localities, of upward of sixty feet 

F^* 21 is a magnified representation of some of the microecopic stmctarei 
most common in the infusorial earths of Richmond, Ya.f 

QusBTiONS.— What is the composition of the io-called infosoilft f What are tbdr di« 
aensioDS f What is said of their distribution ? 



* The term infusoria was originally used as a general designation for a great Tariety 
of microscopic organisms, which were also regarded as animalcules (little animals). Be- 
eent inTestigationSf however, hare shown that many of theso-oalled ^ inftworia** are not 
•nimalB, but microscopic plants belonging to the natural order Algae ;— as, for example 
the diaUmmaoim^ which are simply vegetable cells so oorered with silica that diey retain 
their structure permanently, and have thus been enabled to constitute geological deposits 
of great extent and thickness. According to the most recent zoological classification, 
the term infusoria is now applied only to certain forms of animalcule which constitute 
the highest elass of the iVoto^oo, which last is the name given to the first or lowest divi- 
sion of the animal kingdom. Acocrdlng to tte latest aoological authorities, moreover, there 
are'no fossil itifiuoiria^ but the microscopic organisms usually designated bf this name 
include a variety of animal and vegetable species, s. gr., Foraminifera, Diatomacese, etc. 

t Fig. 1 is termed a navicula (like a little boat) ; 1 a, a side view ; 6 and 6 a represent cu- 
ifoas saucer-shaped shells or discs, having surfiftces elaborately ornamented with hex- 
Ofonal spots disposed in curves, presenting some resemUance to the en^^ne-tumed esM 
of a watch, as especially shown in Fig. 2, which is a small segment of a disc highly 
magnified. These discs vary in size fVom 1-lOdth to l-1(KK>th of an inch in diameter, and 
are named eoseinodiscus (sieve-like disc). 8 and 8 a are Jointed forms, called Qallion- 
eUat 4 and 5 are drcnlar bodies with five or six lines radiating firom the center like the 
q»9kes of a wheel, and hence termed Aettnocylus. 
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fro. 31. 




69. Salphale of Lime (gypsum) and ftoek-Salt (chloride 
of Bodium) both occnr in sufficient abtmdttnce in Qameroog 

localities to merit the designation of rock-masses. 

Oyjmim Is foond tmdw Tarioas coDditioDs; sometimM as T«g«lar bed* of 
conaiderable ezt«it and Ihkjuieai; WHuetiaM oa irregnlai' coacretioiwrf 
masBea, and not on&eqaantly in the tixai oT veins or saiuns in other mcka. 
Alciiaater {m» called Eroia tiie town Alobastron in li^pt) is a cocapact nriely 
otgypmm, SeieaiUiB a OTStalliiie ud ottan tranaparect vaHMj. 

Bodf-saii oommoQly occura in imperfectiy ojrtalliae, irrogularly bedded 
maases, associated with Tarioos clajs and tuafls, and very llvquentl? with 
bcdsofgypeam, as if the salt and gypeam bad both been deposited at nearly 
the aamelimaandundertbeMiiiauiniuiaaCancea. At Wurtsmber((, Qermany , 
beds of salt occoT in limsatooe. la England bed-like maaaes ot salt are <dten 
riity to nlna^ fest thick, tliinoing out apparently la all directioDB, and thos 
asBamiog the fbrm or large cakes. A deposit of rock-salt near Cracow, in 
Poland, IB estimated to be BOO miles in length, tweoty broad, and not Ices tijao 
1,200 feet tJiick. Asanjineral,iock-aaltia sometimes perfectly pure and white, 
bat in most cases it is obtmned in the oonditioD o! an impan (diloride of bo- 
diam, in masses of a dirty red color, and with little of that tnuufiaTeiicy and 
brflllaiMy which characterize the pore miueraL 

10. Origin of Salphats of Lime and Rack-Salt.— Solphata 
of lime and rock-salt ate generally tillered to have been deposited ftom ae*- 



otlini. 



m b nck-ult fonnd I 
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water, of whidi thej aro abundant ecmstitaents. This deposition may have 
been the result of a gradual dessication of limited areas of salt-water, alter- 
nately cut oflf and placed in ccmnection with the ocean, or of direct chemical 
action. A precipitation of salt fix>m the ocean itself as the result of evapo- 
ration, im)babl7 never occurs ; but in shallow, isolated lakes, where the water 
is entirely saturated with salt, as in some of the salt lakes of Asiatic Bus- 
sia, the precipitation of rock-salt from evaporation may be observed. Salt 
thus deposited is generally interstratifled with earthy sediment, and the like 
condition of many beds of salt in geological formations would indicate that 
the latter may have been formed und^ similar circumstances. The great 
thickness, however, of other deposits of rock-salt, and the comparative purity 
and homogeneity of their mass, would seem to imply the operation of more 
acUve forces. 

71. Bog Iron Ore. — This name is given to a very common 
ore of iron (hydrated peroxyd of iron) deposited from 
waters holding oxyd of iron in solution. 

Oryd of iron is (mly eiightly soluble in pure water, but waters wluch con- 
tain oigaiuo adds — the products of decomposing vegetable matter— dissolve 
out oxyd of iron freely from the earth and rocks with which it (tine water) 
comes in contact. The iron which thus passes into solution is, after a time, 
by exposure to the air and a continuance of the deoompo^n^ action, precipi- 
tated from the water m an insoluble fonn, and in this way deposits of yeUow, 
earthy oxyd of iron are formed, of varying extent and thickness. From the 
«kxmMi8tance that such deposits are formed most frequency at the bottom of 
bogs and marshes, they have received the name c^ ^' bog iron ore." The ir- 
ridBscent film which may be often noticed on the surface of stagnant waters 
is composed of oxyd of iron passing from a state of solution. Many sped- 
mens of " bog iron ore," when examined imder the mi(ax)ec(^>e, will a|^»ear to 
be almost entisely composed <^the shiekis of infosorial oi^ganisms. 

72. Hydrate of Oanganese is fi^uently deposited frmn 
shallow pools and lakes of fresh- water in the form of an 
earthy oxyd, technically called " wad^' or " wadd'^ 

The bladcening <^edx»ies and pebbles in the beds of streams flowing over 
Bilicious rocks is in a great measure due to a thin incrustation of oxyd of 
manganese— a phenomenon which may be especially noticed in most of the 
mountain streams of ^ew England. 

73. Coal, which is essentially of organic origin, is a rock 



QussTioiTB. — What is Baid of the origin of sulphate of lime and rock-salt ? What if 
bog iron ore? How is it formed? What is said of the distribution of manganese f What 
isooair 
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generally familiar in its aspect and nature. It occurs in 
the earth in beds or seams, associated or interstratified with 
duJes, indurated clays, limestones and earthy ores of iron. 

Lignite, hitumen, asphalium and the like, are mineral products of organie 
origin allied to coal Their composition, character and distribution wQl bd 
considered in a subsequent chapter. 



CHAPTER VI. 

VARIETIES AND LITHOLOGICAL C5HABACTERS OP THE 

METAMORPmC BOCKS. 

74. The term ^^Metamorphic/' when applied to rock 
masses, signifies, as has been aheady stated, that their 
original structure, texture and chemical condition, have 
undergone some internal change or metamorphosis/** 

As there is, however, scarcelj one of the infinite yariety of accumulatioDS 
of mineral matter constituting the earth's crust, which has not been changed 
to a greater or less degree smce its formation, by chennoal or mechanical 



— Wh&t is the ligQlficfttion of the term " metamorphic,^ u used in geologj ? 



* Profo— or Btoder, a eelebnite4 SwiM ehendat ftod geologist (Bdin. Vtm Plffl. Jovnk, 
Jul, 1848), defines aietamorphisin ss fottows: — "In its widest sense, mineral mets- 
tMriAism mesas, every change of aggregation, structure, or chemical condition which 
rocks have undergone suhsequently to their deposition and stratification, or the effects 
which have been produced by forces other than gravity and cohesion. There hiB. nndeh: 
tills definition the discoloration of the sorfaee of black limestone by the loss of carbon; 
Hie foiiistinn of toownish-red omsts on rocks of limestone, sandstone, many slate stones, 
granite, ete., by the decomposition of compounds of iron finely disseminated in the mass 
of the rock ; the change in rocks consequent on the absorption of water ; and the crumUing 
of many granite and porphyries into gravel, occasioned by the decomposition of the mica 
and feldspar. In its more limited sense, the term metamorpfaic is confined to those 
changM of the rock which are produced, directly or indirectly, by agencies seated in the 
interior of the earth. In many cases the mode of change may be explained by our 
physical or chemical theories, and may be viewed as ttie effect of temperature or of 
electro-chemical actions. Adjoining rocks, or connecting comraunioakions wlA the in- 
terior of the earth, also distinctly point out the seat from which the change proceeds. 
In tauaj other eases the metamorphic process itself remains a mystery ; and fh>m the 
aatore of the products alone do we conclude that such a roetamoit»Uo aetfea has taken 
place.** 
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age nc i ei^ it k obvioiis that a dassificatloD, founded on soch a characteristic,* 
must of necessity be exceedingly general In fact, bj some authorities, 
metamorphism is not considered as affording a sufficient basis for the es- 
tablishment of a classification, while the majoritj' of geologists, who recogniflo 
it as such, are not fully agreed as to its limitations. Some geologists even 
consider granite and other highly crystalline and compact rocks, to which a 
direct igneous origin is usually assigned, as truly metamorphic, or, in other 
words, as sedimentary strata, altered under the influence of heated water, 
or water holding chemical agents in solution. These yiews, which deriye 
strong support from the results of recent investigations, are not, however, 
adopted by ofi geologists, and in the present work we shall describe only 
those rocks as metamorphic which are generaUy believed to have been origin- 
ally deposited as sediments, and to have acquired their present compact, 
crystalline, or semi-crystaUino character through the subsequent action of 
various chemical or medianical agencies. 

Under such restrictions, the following rocks may be enumerated as belong- 
ing to tho class metamorphic: — 

Clay, or Argillaceous Slate ; Quartz Book, or 
QuABTziTE ; Hornblende Schist ; Talcose Schist ; 
Mica Slate, or Schist; Gneiss; Altered, or 'Meta- 
morphic Limestones ; Dolomites, or Crystalline 
Magnesian Limestones ; Serpentine. 

75. Clay, .or Argillaeeous Siaie (common slate, as it is 
frequently designated) is an indurated, compact clay rock. 

As a result of the metamorphic action to which it has been subjected, it 
has assumed a perfectly " fissile" or slaty structure, a peculiarity which ren- 
ders some yarieties especially valuable for roofing and flagging purposes. The 
finer sorts are also used for writing-slates and slate-pencils, and to some ex- 
tent for hones and whetstones. The preyalent colors of day slate are a dull 
bhie, red, green, purple, gray and mottled. It passes, by insensible grada- 
tions, into hard, crystalline schists, containing quartz and mica, on the one 
hand, and on the other into dull, friable diales, or even iiito UDOOOiolidated 

day.* 

Clay slates, containing sulphuret of iron (iron pyrites), tend to undergo de- 
composition on exposure to air and moisture; the sulphur of the sulphuret 



QtiESW O H B .~Wh>t is Mid of a dassiflcation of rocks founded on such changes ? What 
daM of rocks are unially termed metamorphic r Enumerate them? What is day slate f 



♦ A^'^i.w^fag to some geologists, day date is the only rode to which the term date prop- 
erly appUes ; the other fissUe argilhkceous rocks being dther shales or schist 
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of iron miitiiig with oxygen to form salphuric add, which sabseqaentl/ com- 
bines with the alumina of the clay to form sulphate of alumina. This latter 
product, which frequently appears on the sur&ce as a white efflorescence, and 
may be obtained in solution hy washing, is practically valuable in the arts for 
the maoulacture of ahim, and the slates capable of yielding it by decomposi- 
tk)n are technically known as aium slates. 

76. (^oartz Boek, or (taartzite,^ is a compact, fine- 
grained, but distinctly granular rock, very hard, frequently 
brittle, and often so divided by joints as to readily split in 
all directions. 

Its co!orR, fVom the presence of oxyd of iron, are generally of some shade 
of yellow, passing into dull red or brown. 

"When examined with a lens it may be seen to be made of grains, which 
appear sometimes as if they had been slightly fused together at their edges 
or BoHaces, and sometimes as if embedded in a purely siliclous cement 
This cementation or semi-iusion of the g^ns shows at once that it is a sand-^ 
stooe which has been altered or indurated by the action either of heat alone 
or heat and water. It has been either baked or sieam-bailcd," — Jukes. 

In some varieties of quartz rock, resulting from an intermixture with bom- 
blende, talc, mica, or day slate, the regular stratification is often apparent, 
bat in other cases every trace of a mechanical structure seems wanting. 

77. llornblende Schist (hornblende rock) consists mainly 
of hornblende, with varying proportions of feldspar, quartz, 
mica, or talc. Its color is usually dark green. 

78. Taleose Schist. — The characteristic and essential con- 
Btituent of this rock is talc^ associated with quartz, and 
sometimes with mica, feldspar, hornblende, and limestone. 
Its prevailing color, owing to the abundance of the talc, 
is a tint of green. When chlorite is found in the place of 
talc, the rock is termed a chloritic schist 

79. Ilea Schist (mica slate) consists of alternate layers 
of mica and quartz, the mica predominating, and existing 

QunnOM&— What if the cbaracterlBtio of daj slate ? What are alum dates ? What 
Is sidd of quartz rock, or quartzite f What are the charaeteristies of hornblende tehist ? 
WhatoftBleoM schist? What of mica schist? 



* The stadent most carefully distinguish between pore rein qoarta and the quarts 
rock, as here described. The former has a highly vitreous or flinty texture, is never 
crumlar, sad, althon^ somettmes oocuring in large masses, it is more commonly noticed 
in the form of vdns, or segregations in other rocks. 
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nsnally in the form of Hmall particles. Its color is gray, 
with a shining, lustrous appearance. 

Owing to the iacili^ with whicbi mica scbist dividea into larger BiDootli 
slabs, it is largely used Ibr flagging puiposes ; and, at aa extensivalj worked 
qoany at Bolton, Conn., smooth BUbe of it. eight to twelve feet, square, by 
one and ahatf to three inches tbiok, are Tory eequantly obtained. MicaBchiat 
la one of tbe most common racks of the metamotphic Beriea, aod in many 
localities atKnmda to such an extent in tbe tmoerala, gameC and etaorotidt^ 
that the latter aaj be properly legardad aa conatitiianta of it. 

80. Gneiss, in its pureet and typical form, has the same 
component elements as granite : viz., quartz, feldspar and 
mica, with an occasional admixture of hombUnde, all 
more or less crystalline. Unlike granite, however — which 
presents a confused a^regation of crystals — tbe constitu- 
ent minerals of gneiss are arranged in parallel lines or 
layers ; hence, it exhibits a mu'ked laminated or stratified 
appearance, and by most geologists is considered as really 
stnttifled. 

SirCbaa. I^eU deRgnatM gnsin aa "atratifled granite;" bat Bome antboc- 
Hiea a^e inclined to refer the peculiar laminated appearance of tliis rock to 
tbe circmnstaoces nnder which it cooled fi-om a state of ilidon rather than to 
an otigliiB] aqueoQs deposiUon of its particlea. 

Hg. S2 repreaenlB tbe appearanoe and structura of g;neisa. 
Fig. 22. 



Seme rarieties of gn^is, hj an indeflaite trauaiUoa, actnt^y pass iota 

granite; othera, on the conWary, can aoaroely be distii^idied from mica 
schist, which last, through Taiioua gradations, may pass into taJcose ecbist, 
and even iuto dull, earthy clay slate. 

The contortions of the layers or strata of gneiaa and mica-ecbiat ate, in 
some localities, most remarkable, and on a magnificent scale. (See Fig. 23.) 
"Imagination," says MacOnlloch, "can scarcely conceive an intricacy of flex- 

QtmnoHa,— DcMTllM gndHl Wliat la Mid of tbe 
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ore of which a reaBUihlmeg caoDot be tmud io tbe gnetas of the wectnn 
isbikdi of Scotland." la other looalitiw^ however, the mne mcka ue ilb- 
tioffoidied for tbeii regularity and evenoei& 
FlO. 23. 



81. Biitribotloi of (ha abOTa-dcBOTlbed Hetamtrphio 
■oeki. — The m^Maorpbio rodka above-tleecnbed are widely distributed, 
ud conetitiite portions of most oftbo older monnttun chainaupoii tbe sor&c* 
of the globe — gneiss and mica slete teiDg perhaps the most abundant mem- 
tera of the senea. In the United States, these Mcks, ^tb fbcr exceptioni^ 
fcnn the White Hills of ITew Hampshire^ the Greeit Uountains of Tennont 
BBd Weetem HaesachiBettg, and the Bios Rtdge of the Southern Stated 
Tbej do not, hoirever, occupy very gnat Buperfldal areas, but are usually 
fomid oompresied and tilted up at high anglea (not un&ec|nently at ri^t 
angles to the original plane of their depoutieu), thus prodndag rugged aod 
(bmpt scenery. They are everywhere assodated with, aad traversed by, 
rocks of an apparently igneous and cmptiTe origin, soch as granite, syenite, 
and porpbyry-^which agendee would also appear to have been productive 
of metamorpbiBm, upheavals aod cootortions. 

The soils resulting Irom the decompodtitm ot gneiss and mica elate are not 
oalhiitflil ; but those resulting from tlis deccmpodtioa of clay slate are cold 
and clayey, and generally unproductiTe. 

82. Altered or Netomorphle Limeitonei. — These lime~ 
stones, ■which wete formerly called "primitiTe" or "prim- 
ary" limestones, are all highly compact and crystalline.* 

QtnreKa.— What it hUI rf Ika dMribaUan of lbs ilWTg.iUMrUMd awtaaarpUa 
nckft WliBiof ttielrlafluBDcenpaiillia ■Drikcsaud fcrtUllyof aoiuDUyt WlMtira 
the ehanct«rlKUcB orUie mct&morphlc UmaAtonaB? 



•Tlw ulitanM or k crTitalllae teitDre [a Umutanei li In Itulf noproorof m«ti- 
SKwpbliaii, la the ordinary leuaa of ttifl t«rm, inainiiach hb it ti probable tJiet some Ume' 
■Unei were orlglaall)' fonoed crysliaUne. Thus, laaDT parts of a ronl reeT are, ereo 
Dov, cryBalUoa Interull;. Caibonati of Ume, dEpoaltad ftom eslulloo, imt •^"i ''■" ■ 
eTTrtellinB atnictare. The hmoua Watuiry marblea of Greece and Ilalj am malamorplilii 
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"Sons are pme wliit^ ilue-gnioed, ami ili^itlj tnadDGODt sad fiamtMr 
Tinnnihlanm in oolof uid teiturft to lokf-wigar are oftoi termed " tacdtarine." 
Sucta limestooes work freely in ererf directiaa, adnut of Boo poUafa, and f1ir> 
nigh the flneiit marbles for HtaUiary and architectural purpoaes. Other varie- 
tie« are variously colored, coaraely ciTEUUiii^ and very Ireqnently occur ia 
thin beds, alternating with gneiss, mica sdiiat and clay slatM- 

Hetamorphic limestmee occor both Btradfled and unstratified; when «a- 
Bodated with gnoite-aiu) other rocka of presumed igoeouaori^ tliey raie^ 
eihilut BtratiScation ; and in aome instances the limestone exisls in tiie fbrm 
of voina, as if it bad been injected into fissures ia oilier rocks whUe in a state 
of fusion," Rg. 24 refffeseots veins of limestone (o) travereiog granite (6) 
at QoDvemeur, St. Lawrenoe C04 N. T,, figured by Dr. E. EuMOHa 
Pro. 24. 



83. Dolomite is a highly ciystalline a^regate of nearly 
equal parts of carbonate of Ume and carbonate of magnena. 
It is believed to be a magaesian limeetone, rendered com- 
pact and crystalline through the joint action of heat and 



Sidoinita ia naoal^ vrtiite, but ia also Ibond of TBiiom eolom It is ox- 
teoiively used Jar the maauiaoture c^ lime and also aa a building stcoKt So 
lime is more highly prized by masons than that made fitnn the cloae, compact 
dolondte of SmithOeld, R. L, and at Sing dog, on Ibe Hndaon, N. T. As a 
building stone, dolomite ranks among the best, posDcaning in a t^h degree 

QmsTicRra — Wtwt li dolnmltel Whit m lb ch>r*ctali(lci and tadnitrUl usF 

■ Eipertmenti lun pntnd llul UmaMoM (eutenla of UnS). vbeD nUteM U> pm- 
■are nBlcicnt to prsrent the e»pc of arbeoio uid, nuy ba MiUraly tatO. mi, or «oqI- 
log, unmu dUttfcnl dtgnca of eonsnUdatlaa ud oyitalUialka, aeeaidli^la Iha^ia- 
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the properties of durability and ease in working. It fonns \ considerable 
put of the white marble used in the constmction of the Capitol at Wasfaingp- 
toB, and the Otistom-hoiises in New York city, and Obarleston, S. C, are also 
oooBtractedofit.* 

. 84. SerpeiUine (see ^16) is usually classed among the 
igneous and eruptive rocks, but the most recent investiga- 
tions seem to establish its position in the metamorphic 
series, as the product of a highly altered magnesian lime- 
stone. In the Canadian Geological Survey, serpentines 
bave been traced to a gradual termination in unaltered bedcr 
of magnesian limestone. The predominant color of ser- 
pentine is mottled green. The finer varieties are highly 
ornamental and susceptible of a fine polish. When as- 
sociated with carbonate of lime it constitutes the " verde 
antique" marble. 

85. ficonomic Prodocts of the Metamorphic Rocks. — 

The economic or indnstrial products of the metamorphic series of rocks in the 
United States embrace the different varieties of slates, many of the marbles 
(eBp&daSiy those of Termont and Western MassachosettsX and abundant de- 
posits of serpoitme and steatite (soapstone). Pore silidous sand, the product 
of the decomposition of quartz rock, is extensively exported from Berkshire 
Coonty, Mass., for the manufacture of the finest varieties of glass. Graphite, 
or ^ombago, a natural variety of carbcm, largely employed for writing-pen- 
cila, for cradbles, polishisf^ etc., is mainly found associated with meta- 
iDorphic rocks. Gold is widely distributed in these rocks, especially in 
tslooee schists, in the Southern States, along the Green Mountain range of 
Termont, and throughout Canada ; deposits of ores of iron and zinc are also 
iK>t Tmfreqaent. The diamond, beryl, rock-crystal, garnet, zircon, and many 
other precious stones, are found in this system, either embedded in the strata 
themselves^ or in veins that traverse them. ITeither gneiss, mica slate, or 
talcose slate, yield very elegant building materials; some varieties of gneiss, 
how07OT, ^t with focility into huge blocks, and, being veiy durable, are 
ext^isivdy employed for massive constructions, as piera^ breakwaters, eto. 

Qo wiojia. — What ia lerpentiiie? What ia verde antique m&rblef What are the 
wwnomic prodneta of the metamorphic rocka ? 



* In Ei^nd dolomite haa proved so exceUent and durable a itone that a rarietj of it 
VIS Kleeted by a govermnent commission as the best material in the kingdom for oon- 
itmcting tbe aeir Houses of FarUament. The choir of Southirell Chorch, which was 
b«at or this variety of stone in the twelfth eentnry, was found by the commissioners to 
be hi so perfect a state that ** the moldings and carved enrichments were as sharp as 
vhen first ezecnted.** 
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TABULAR. CLASSIFICATION OF ROCKS. 

86. The following table exhibits the principal varieties 
of rocks^ arranged in accordance with the forgoing classi- 
fication: 

IGNEOUS ROCKS. 

VOLCANIC. 

TiucHmo Lavas (IVocAyfes). PuiacB. 

Auamo Lavas. Sooels. 

OBSmUN. VOLOAHIO TtHFT. 

trappean. 

Basalt. Diobites. 

GaEENSToini:. I)olebite& 

PORPHTET. AmYQDALOID. 

Olatbtons. Trap Tufp. 

granitic. 
GmAjnn. Gbaphio Gravitb. 

SXEHITfl. * ^ POBPHTRCnO GEANIX& 

HTFBRSTfiBllS BOCK. PBOTOOENS. 

A<^UB0U8 ROOKS. 

iieohanioallt pormbd. 

Alluvium. Sand. 

Drift, or Diluvium. Clay, Mud. 

Soil. Sandstone. 

Gravel. Marl. 

Conglomerate and Breccia. Loam. 

Shale. Slate, 

AQUEOtrS ROCKS. 

OF chemical or organic ORIGtlf. 

Stalactite and Stalagmite. Coal, Lignite. 

Calcareous Tupa, or Travertine. Silicious Sinter. 

Fresh Water Limestones. Infusorial Earths 

Marine Limestones. Rook-Salt. 

Magnesian Limestones. Gypsum {8ulphaiiofLime), 

Bog-Iron Ore. Hydrate op MANGAia88<WbeU). 

Bitumen, Asphaltum. 



8TKUGT0mB AKD BSLATTOH OT BOCKS. 

MBTAMOEPHIC ROOKS. 

Gut, or Argillacbottb Slatk. TiLooea S<«i8t. 

QcasbBocKjObQctabtziti. « KiOA Slatb^ Oft Somsc 

HoBntBn» SomsT^ o& Hobhblenbi Book. Gnuss. 

Ifa ff AMBB P HIO OB AJ.TKBBD LOCBSIOKIB. DOLDIOTI. 

Sebpenhnb. 



CHAPTER yil. 



STRUCrURB, MECHANICAL DISPLACEMENT, AND RELATIONS 

OP ROCKS. 

87. Having described the varieties and lithological cha- 
racters of the principal rock^masses which ^iter into the 
compositioii of the crust of the globe, we come next to 
consider tbe actual state in which we find them ; or, in 
other words, thdr structtirey position and mutual relations^ 
and also the disturbances to which they have been sub- 
jected. 

This department of geology, which by some authors is 
termed " Petrology'' (the study of rodo-massea), is founded 
on observations which -can be made only " in the field," 
and on an extensive scale. 

88. Stratification and Lamination. — ^The aqueous rocks, in 

gmeraly as Las been already stated, are characterized bj the arrangement d 
their coostitaent materials into strtikt and lamincB ; the former designation 
being applied to indicate distinct beds, or wide, tabular masses of rock, com- 
(letelj and natorallj separated from each other ; while the latter refers to 
the more minute subdiyisicms or layera of which a bed is made up, and yAAStk 
may, or maj not be separable. Li short, the laminae bear the same relation 
to a single bed or stratum tbat the latter does to a whole series of beds, or 
strata. 

A careful examination of these beds or layers reveals at 
once their origin and the history of the rock formation of 
which they constitute a part. Thus, each little sepfurate 
layer was obviously the result of a separate act of deposi- 



i i ax' 



<>»nair.— What d irt i n ctfan do geologiato make betireea ■t fttt fioOoo and l a mta a Hwi ? 
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tion of earthy sediment from suspensioii in water — ^the in- 
terval of time between the successive acts of deposition 
being distinct, but not so far prolonged as to allow of the 
consolidation of one layer, before the next was deposited 
upon it. The whole set of laminae, therefore, adhere to- 
gether so as to form one bed, which now, as rock, may be 
quarried and lifted in single blocks.* The cause of the 
interruptions in the deposition of the sediment which have 
produced laminsd we may conceive to have been periodical 
floods, frequent changes in the force of currents, successive 
tides, or other like agencies, which, in some instances, re- 
newed the supply of material, and in others deflected it, 
or suspended its settlement. 

If, on the other hand, the interruptions between the act* 
of deposition were so far prolonged as to allow a mass 
of laminated material to consolidate to a greater or less 
extent, it is obvious that th^e would be a want of coher- 
ence between it (t. c, the hardened material) and the sedi- 
ment next deposited upon it ; and in this way the beds, 
which we call strata, would be formed with more distinct 
lines of separation between them than exists between suc- 
cessive laminsB. 

The planes of lamination and of stratification, therefore, both mark inter- 
ruptions in the act of sedimentary deposition ; but the intervals between the 
Ibrmation of successive strata were undoubtedly considerably longer than be- 
tween successive laminsBu In some instances, where the particles of the rock 
are fine-grained and homogeneous, it is exceedingly difficult to distinguish 
the planes of lamination from those of stratification. In such cases, the whole 
mass of the rock may have been deposited rapidly and without interruption ; 
.or the divisional structure may have been obliterated by subsequent pressure, 
or other metamorphic agencies. 

Lamination is sometimes parallel with the planes of stratifications ; some- 

QviBnovB. — Explain the nuumer in which strata and laminsa have originated ? Are 
the planes of lamination always parallel to those of straUficatlon ? 

* *'In some shales the coherence between the lamins is rery slight, and th^ may be 
palled asunder by the hand ; bnt in others it is more complete, and in some quite firm. 
In some laminated, fine-grained sandstones, it requires almost as mnch force to BpUt 
Ihem along the tines of himinatimi<er«ttfttiU ^roinrtoiMeacomiDonterm), asifcdoea 
to hreA ihem •croM.^'-WMbe*. 
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tinMB indiDed, qnd not nnfreqaeatlf oudulatjag and tortuOoB. Fig. S5 rspi«> 
KDts a case oT veiy contorted kmioatioii, Bgured by Profl Hitcbcocl^ in > 
- Blratom of gneiss, two or three feet in thickneaa. 



The vaiietica of Umio&doQ clearlf indicate the cinminErtaoDeB under which 
Uie Babstance of a rook has been deposited as sediment, or the raoditiooa to 
vrhidi it has been subjected subsequent to its deposition. Thus, paraOel 
Iinunii must be the reeuU of quiet deposition upon a level sortace. Waved 
lamina, in manj instances, are manife^j nothing but npple or curreut marka, 
such as may bo seen on the sands of the sea-shore when left dry by the tide, 
snd at the bottom of anj clear' water where a current is moving over a sandy 
or muddy surface.* Magnificent examples of tiiis rippled surfiu« may be 
wen npou Oie Bandslones- and ebales of the Oonnecticut Eirer Valley. Fi(t 
26 iHnstratea their character. Similar undulating ridges and furrows may be 
slso somctinies se«n on the surface of drill snow and blown sand Oblique 
luminalum must geneiallj hare been the result of deposition upon a steep 
abore, where the materials were driven over the oi^ of an inclined plane. 

Higtily contorted lamination must have resulted froin lateral aad vertioal 

(jEistioK — Wlut ii uld or the rippled aurfaces of nxzki r 



* " Esther wind or nler, u tber lon before them the UUle gnlai of nnd, tanil lo pDg 
tbem lota Rd4ll Hdgd, irhich are perpetuallf ^vanclDgone on the cUier, la conBeqasnea 
•d Uh little gnliu of md betus nioceulTely puatied np tbe iilnilinird or ire&lher ilde of 
B>e rUse, and then roUlDi; aver and renlng on the lee or sheltered side. It le prndnesd 
«ii tin BeK-bvfh, Dot In cooeeqaeDcc oT the ripple of -the nve impreulng Ita own ferm en 
Ibe lend bdov, which wJuld be »d liDpoadblUt^, bnt becaoH the niorlnff cnrrent of 
nter, u the Ude adTUHxi or recedee, prodooei on the lorftce ot the und belav the 
■uu form u the moving current oT eir pradaoei on the larTUe ot the witer above. A. 
ripfled mrface, therefore, to a rock le no proof of lie having been neceeiarUj formod Id 
Aalknr water, thon^ rippled aurfUes are perhipa more frequentlf fomied there, bnt 

ever depth that bottna ma; be trom the tarhjie of the wat«i.' 
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their dapooition, mmt bavo boon In m Bisto an plastic aa to adzmt of beoding 
wittioot breaking. 

fig. 27 represent!! an example oT coDtortiona ic a bowlder of gnein and 
homblendo schist in the cabinet of Amherst College. 

89. ComparatlT* time required for lli« Formation of 
Strata and Lamins.^The tbickaesa and composition oT EucosBBive 
lanuDEE and atraca eoable us to fonn some idea of the comparative time re- 
quired for their fbrmation. Thu^ if a series of beds have preciselj the same 
cluTacter and composition, and if the planes of lamination and of stratiQca- 
tim blend into Ods aaother, it is reasonable to suppose that the intervals 
of time between the BuccoaaiTa depositioDS were comparaliTely ahort, and 
that the conditions of deposition remained unaltered during the Ibrmation 
of the aeries in question. If, on the coDtnu7, the saccesmTe beds present 
ontirelr different ehaneters — IT a bed of shale is succeeded b^ one of sand- 
slane, or sandstone by limestone — a much longer interval between the Buc- 
ces^TB depositions may be properly inrerred, since some tJme must have beea 
required for changes to take place in the conditions of the neighborhood, ea£- 
ficieat to aOM the character of the depositions. 

When strata and lamime oncloeo the remains of IbssU animals or plants It 

may bo possible to obtain, moreover, somo conception even of the absolute 

time required for the formaKon of the rock in question. Thus, for example, 

if, in strata, we liiid sliells (see Fig. 2S), or the remains of plants in such per- 

Fio. 28. 



Iectncs3 and pcmtaons as to indicate beyond a doubt that the organisms of' 
vhich they once oooatituted a part originated, lived to maturity, died, and 
were gradually incbwed in sediment in the very same localities in which their 
remains now exist, It is impossible to escape from the conclusion that the 
time requisite fi>r the Ibrmatioa of two succe^^ve strata was at least equal to ' 
the time necessary Ibr the organisms enveloped to attain maturity, and tlio 
duration of tbia period may bo inferred by observing Uio development of cor- 
responding; living species.* 



vbcD allTe, were fiml to Uie rock bj ■ h1Ii< oleuwrui bua. TticH stti 
lOKfto iiiliiiiIiafilI«ee*.iuidireiOERttiiamlKnj ind ia ■ bad cf cl*7 " 
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no. 39. 90: pwitisi af ikt Stutincd Rtcki. 

— If we aseume that the materials of 
which the stratified rocks are composed 
were ori^nally deposited as sediment at 
the bottoD of seas, lakes, etc., the origioal 
position of strata must have necessarily 
been more or less nearly horizontal,^ and 
in this condition we sometimes find them. 
In most cases, however, the beds and layers 
of the sedimentary rocks have been thrown, 
by the action of various disturbing forces, 
into inclined and irr^nlar positions, and 
sometimes even on edge ; thus producing 
extensive surface elevations and depres- 
sions. 

Fig. 30 represents atraCa in difi^rent positioiis; A, 
liorizobC&l ; B, iodinad ; C^ highlj inclined, or on 
edge; D, Uiro^m, or tilted up. Similar appearancea 
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Btf be seen to advantage in almon all raitvaj rodi.'cutlingi, in nmaea ex- 
onted bj water, in Bsa'clifi ud in qoaiTies. 

Eridence in lavor of tha original horizontal deposition of incUned Etmtm 
mar wxoetimes be derived irom the arracgoment of the nuuariaLi that enter 
into their cmnpoBition. l^ne^ it is frequent^ observed that vertical or highly 
ieduied sbsta omtaia pebbles wilh the»r longer axM in the plane of the 
AMtt. (Sob fig. 31.) Wben ttaeae pehble^ however, were departed, their 
Fia. 31. 



a wetl-kDown mecbaoical prindple^ would natondl/ 
e a horizontal poHilion {i. «., the poaitioo of stable equilibriimi); and, 
a, their present poaitJoD must have resulMd &Dia a change in the poli- 
ty- 32 ti<K> of the atrala in which thej are In- 
ckieed. IHie eame thing loaj be also 
' ihown hj the position of fbotdb. For 
mide, in a geological formation in 
i the soQlli of England, Icdowd aa the 
" Portland Dirt Bed," the remains of 
an ancient forest, wbich must liave 
ii grown upon a comparativelj level aur" 
J face, are found imbedded in strata, 
d hiclined at a high angle. (See ^. 
-J 32.) 
91. Dip. — The angle or slope at which a Btratam inclioes 
to the horizon is called its dip. 

Tima, in Tig. 3 1, the strata are represented as dip^g at an angle of nearly 
46° with the plane of the horizon. 

Dip 18 reckoned from 0° to 90° ; -when the dip ia 90" 
the strata are of course vertical. 

QmnoH*.— Wtut (rUtDsg do .a Ond Uut liuUud UnU vera orlcUuIlT ba[U«ult 
VhUliQu "dip" of Mnu? Hot ii It iMkonsdr 
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92. Ootcrop and Strike. — When an inclined Btratum 
comes to the surface (as at E, Fig. 30), its exposed edge 
is called its outcrop ; and the direction or line of out- 
crop along the surface of the ground is termed its strike. 

"Dm dip and strike aie alwaj^ at right angles to each other ; bo that If a 
BtrattUD a foond lo dip either to the north or smith, ire maj be eart that its 
■trik« or lim of oatccop baa an east and wast dkeodon. 

" Dip aod atrike nutf be aptlj illustrated b; a row of housea rannuig east 
and west ; the long ridge of the roof representiitg the strike of the stratimi of 
■latea, which dip on one ade to the north and on the other to the eouth. A. 
■tratnin which is borizont^orhTelin all direotiana has neither dipnorrtiike." 

PiQ 33 The dip of a stratom ia aometimos sscer- 

tuned by means of an instrument called a 
a clinometer, but for most purposes it can be 
dotermiued with suScieat accuracy by the 
eye. The judgment may be assisted hy hold- 
log Iho hands beioTe the eyes iu the position 
represented in Hg. 33, sad observing whether 
the planes of the inclined strata bisect tlie 
light angle at en angle of 45°, or whether 
the InclinaUon be greater or less than that 
amount. 

A good pocket compofa will answer flv 
finding the strike. 
Fio. 34. 




Stnta somellmeii appear horizontal, when, in reality, they are highly in- 
dined. Thu!i, the strata in the sea-cliCf (tig 34), to an obaerrer in Ihat^ 
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Would seem to be horizcmtal, while a person on the side, fadog a section at 
right angles to the strike of the strata would at once perceiye that they have 
a high degree <^ inclination. 

93. Antielinah and Synclinals. — When strata dip in 
opposite directions from a ridge or line of elevation, like 
the roof of a house (as at A, F^. 35), the ridge is said to 
be anticlinal (Gr. avri^ against, and icAivw, I bend), and 
the curve formed by the direction of the strata is termed 
an anticlinal curve. 

On the other hand, when strata dip toward a common 
line of depression (as at B, Fig. 35), the axis or line is 
termed synclinal (ovv, together), and the trough or valley, 
formed by such a dip, is called a synclinal trough or valley. 

In Hg. 35, A represents antlcUnal and B 83mclinal strata ; the beds nom- 
heied 6, T, 8 being repeated on each side of both. At A the lower beds, 1> 
2, 3, 4, 5 are seen rising out from underneath them in the form of an arch. 
At B,ti^ npner beds, 9 to 13, repose upon them in the form of a trough. The 

Fia. 35. 




CWiat 



A. 5 

Section mt line C J) 



^-^----' 



Btral^it Hne, which may be supposed to run directly from the eye of tiie 
spectator, along the top of the' ridge A, or the bottom of the trough B, is 
called the "axis" of the curve in each case. 

94. Conformable and Uneonformable Strata. — ^When 
successive strata, or groups of strata, are parallel to each 
other, they are said to be conformable ; when not parallel, 
they are unconformable. 

Thus, in Pig. 36, the upper or horizontal series rest unoonformably on the 
hi^ly inclined series beneath them, although the members of the horizontal 
and inclined series, considered separately, are conformable. The inference to 



Qvnxioxs.^Wb»t are anUcUnala and syneUiialsf When are strata eaW to be ooa. 
liwiBablc^ ai^ when unoonfomablef 
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to be deduced ftom a natural section Uke that shown in f^. 3S, Is, that the 
lower strata were formed and tilted up bcroro the upper ani unconfbnnable 
■tiata were dapasit«d npon Ibem. 

Fio. 3T. 



^ig. 31 r^)rs«eDts a striking example of unconformable strata, figi 
the geological sairej of Great Britain, as occurring in South Wales. 



It Bometiinea happens that in the Interval between the deposition of two 
seta of beds, the inferior rock has had channels or hollows cut into it bj cnr- 
rents of water, which irregularities have been subsequentlj filled up b/ a part 
of the bed next deposited- 

QnetiDCv— WImd *» ■trala uld to be coDfamuliIe, and Khan ncoafiinMibtor 
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Fig. 38 lepreaenta a case of tliis character, figured bj Ur. Jukea, Ihini tha 
aev ted saudatoae fbrmalion of Eaglaud. 

95. ConlortioDS. — Strata which have been subjected to tlie 
action of extensive and powerful diBturbing foreeB, rarely 
exhibit a uuiforai dip and strike over any considerabk 
area, bat are often bent and folded upon each other, or 
contorted in a very remarkable manner. These bendings 
and contortions of strata occur on every possible scale, 
"from mere little crumplings on the side of a bank, to 
curveB, of vFhicb the radii are miles, and the nuclei are 
moontain chains." 



Bome carvabatea of strata ara remarkably regolar and HTmmetrical, as in 
¥ig. 39, wluch repRsents an actual section of strata of ahaleB and limeatoaes 
oa the bordera of Derbjehire, EDglaud; in other cases, especially wbere bedi 
of Boft matraial alternate wi^ bard ones, the curvatures are ezeeedlngly ir- 
regalar, aa is repreaented in Fig. S3. 

Pro. 38. 



In some instances, the flexores and contortions have been 
sufficient to produce actual inversions in strata, so that 
beds, which were originally lowest in the series, are made 
to appear uppermost, and as of recent formation. (See 
Fig. 40.) 

The agencies by which oonlortiona and flexurea may have been produced 
are numerous. Tidcanic foreeB have; undoubtedly, in many inatauces <^r- 
alnl Irom beneath, whereby tha strata have been bent upward,- on the other 
Imnd, the weight of Huperincumbent material would oontribute to bend them 
downward ; \^ila the nneqn^ elevation or deprt^doa ofportioiis of the earth's 
CTust might tend to subject adjoiniag strata to extreme lateral pressure. 



QnnTioas.— Whit li mitd of Uw r 
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Fie. 40. 



" We may illustrate tlis efTuccs wtiicli lateral prusaure roaj produce on 
flexible strata, by pkicing severe pieces of difTereatl; colored cloths upon a 
table, and when thej are spread oat liorizoat^lr, covering tlieir. vitb a book. 
Then apply other books to each end, aod force them (oirard each other, lie 
finding of the cloths will exactly imitate those of beut strata" (see Fig. 41), — 

Fia. 4L 



96. Thicbnvai of StTata^-The diajdaoements and carratorea of 
strata afbid a teady means of calculating the thickness of differeat Bedkaentarr 
deposts and also of determining tho character of the crust of the globe to a depth 



6r beyond the akin of man to penetrate ; since by meaaaring across tho up- 
turned edgea of a series of atrato (aa in P%. 42, which represents actual curva- 
turea of strata in tho Alpa (rf Switzerland), we ascertain at once their thick- 

QunnaRi.— How mar the eff«U of Uisnl premre on itntii be lUailntad f Ho* 
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sees, and also the depth to wbich tbe; must have oriKinaUj extended into 

Ui8 earth wheu occupying a horizontal pbdUoo.* 

Bj measoremeata and calcuhitiDiia of Ihia character, the Btratifled fossiliTer- 
rna rodoi of Europe have been eBtioiat^ to be at least ten or twelve miles 
thkilc ; while, acoording to Prof. H. D, B(^«a, the maximum tliickneas of 
Ibe Bliatifled fa«ailirarous rocica ol the United State*, lying below the upper* 
mut beds ol the coal eeriea, can tut be less than 30,000 or 35,000 bet (six to 

97. Jfoinls. — In addition to the separation of rock- 
maseea into beds and layers "by planes of division, which 
were obviotuly the result of intervals in the acts of deposi- 



tion of sediment, all rocks — stratified and unstratified — 
are traversed by other divisional planes called ^'oinifl. These 
" natural fissures," traverse the rock in various directions 

QoBTuni.— Wlut «Uiiule bu inma nuda of the tUckneai at the foumfeniu itntlfled 
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and separate it into blocks of variotfis riiapes a^d eiaes, 
regular and irregulai*. 

Fig. 43 represeets joioAa in limestotid. The platkes of stnUidoadoii aie 
shown by the ponlM fines capping fhxn the spectator a<id toward the left. 
The other lines are the ends of joint planes, which also form the smoo^ sap- 
fitces of l^e rode, nearij at rigi:^ an^es to each o^ier, as shown hy the pro- 
jecting comers. — Jijkes. 

"Without natural joints the quarrying of stratified rocks would be very 
difficult, and that of unstratified rocks almost impossible. If beds of sand- 
stone or limestone were imdivided by natural jomts, each block would hav^e 
to be cut or split by artificial means, on every dde, fitm the rest of the bed; 
but in rocks, such as granite and greenstone, which have no beds, the blocks 
would not only have to be cut on each side, but underneath also. It would 
obviously be a most Impracticable task to dig out a large block of granite 
firom the midst of a scdid mass, untraversed by any natural planes of division 
of any kind." — Jukes. 

Origin of Joints • — ^It is exceedingly difficult, in many cases, to satis- 
&ctorily explain the origin of joints in rock-masses. In general, they are 
believed to be the result of a shrinkage or conti'action of the rocks consequent 
upon consolidation. In some instances, however, they are undoubtedly the 
result of mechanical upheaval and disturbance, while in others, the lines of 
fissure have definite compass-bearings, are arranged in seta, and seem to obey 
some general, but as yet undetermined law. That they have been formed 
since the original accumulation of the rock-material is evident from the &ct 
that they not only pass through strata and laminae, but also through pebbles, 
fossils, and crystalline aggregations embedded within the rock-materiaL One 
of the most striking examples of this action occurs in a conglomerate rock, 
at a well-known locality, " Purgatory," near Newport, R. I., where pebbles 
of various sizes and of the hardest material are as smood^ly dlvSded in 
giwn ^danes as if a succession of clean cuts had been made cro&swise, with h 
sharp instrument, through the entire mass of the rock in which they are em- 
bedded. 

98. Fanlts, or Diiloeations.— When the continuity of 
strata has been broken in consequence of an upheaval, It 
sometimes happens that the beds on opposite sides of the 
fissure, or line of fracture, are left at very different levels 
— ^many feet, or many hundreds of feet above or below 
the parts with which they were once continuous. Such 

Qux8TiONB.-~Iu nrhat manner are rooks dWided by Joints? How do joints assist th« 
(jnarrylng of rooks f What is said of their ortgf n f What ptbot is there that j^ttti tm/m 
been formed since the accnmolattoa of the roek-matwlal f Whttlare hniUt7 
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s diiplacemeat is termed a "favU," or "dislocation." 
(See Fig's 44, and 158.) 



A \>j faults ars a soiuoo of coaaiderable difBoQlt^ 
in iniDae— especially ia coal inaM— mnoe, whea a 6mU ia reaobed, it is almMt 
JM^ceable to deciila wheCbtr ttw coatiauotion oT the niiierml xni^t is abore 
or bejov Uu level, or to the ligbt or the ieit In the great NowoMtle 



ocol dhbiot c^ Englani^ tbe upward or downwatil morement of strata hai 
UBomtBd to DHriy 1,000 fbet, aa tbat the mr&ce of &e ground muat bsv* 
been eri^oaUy aS^oted to that extent — portEons havrng either riaen or sunk 
1,000 (bet above or below the rest. Then prcjections or inequalities have 
been sabsequeutlf removed bj denudatioD, and their Ibnaer existence can 
now otHj be discovered bj studying as intransl stmcture ol the uoderlTing 

Id boibb instauoe^ (be "buU-fiaDres" are mare planes of division, and 
not unirequently the cootiguous suifioee of the Ebult are foand to be quit* 
Boooth and polialied by (he enonnoua fhctian that has taken place—au ap- 
pearanoe tenoed byt^kigists "siteibni-ndi." In other cases Itie ianlt-flssutee 
aie open, but most of the wigioallj opeu fissures have been filled with angular, 
diqtened fragmwiCa Evm tbe adjoimng rocks, or have become the reporatories 
rf minerals -that have been subsequently iotrodnced into them, llieee min- 
vaia are usually in a crystaUioe form, and oommonty coudst of quartz, cal- 
careous spar, ftuor spar, heavy spar (sulphate oT barytee), together with ores 
cf lead, i!opper, zinc, tin, iron, eta. 

Fig. 46 represents a voin of lead (ga)ena) embedded in ca)c spar, whidi 
fflb a fiasore in gnets^ at Boaste^ SC lAwtCDce County, N. Y.—Emnum^ 
n OnltiTv, p. 133, Fart I. 
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metala are termed " loinetBl vein^" 

llaaj naejt, gorga, and ra- 
Tinaa, w«re prohnblr, in Uw firat 

'- inttuvsc^ merely dBouro^ or iin*« 
of ftwAore, which hare Kiboe' 

gquentlj bom widened by the 
~ action t^water end partisllj fiUed 
up with locae oateriaL In like 
manner, a liactDre in the rode 
wbidi docti not extend lo the 
HOriace, may, in tim^ bj aerving 
aa a chamtel fbr water, become a 
cavern; and such, doabtlcsa, baa 
been the ori^ of many of the 
extensive cavema eziEting in 
limenone. 

99. CleaTagc — Some 
stratified rocks have a bub- 
ceptibility to split into 
Btraight, parallel plates, 
wliich. Tnitintftin a Certain 
given direction over Tride 
areas, and are independ- 
ent of, and often not co- 
incident viih the planes 
of either stratification or 
lamination. Such a struc- 
ture is called cleavage. 

Cleavi^ BlmctiiM la mcBt oom- 
moB and most peiftet in day or 
argOlaceona slate (coramoo alate), 
thotigii it is gometintes apparent 
in limestona and sandstones, and 
is ahraya moat perfbct in the finest 
grained Todcs. 

r 40° to the planes of stratification 
ro seta of planes are at right anglea 
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to each otiier. In other instances, as maj be c^ten sotioed in the finer slatof 
of this country, the deavage coincides with the original bedding or lamina- 
tion. 

Cleavage planes are remarkable for their almost perfect parallelism, no 
matter how mndi the strata and their laminae maj be disturbed and con- 
torted. Fig. 46 represents a set of cleavage planes (figured hy ProC Sedg- 
wid0 crossing highly curved strata of slate in Wales. 

Fio. 46. 




Origin of Cleavage. — Geologists arc not fully agreed as to the 
origin of cleavage. Some regard it as a kind of crystallization, indnoed in 
the particles of the rock by the action of heat or •electro-chemical forces. This 
tiieory, which has been called the chemical, derives strong support from the 
&ct that a kind of artificial cleavage can be produced by subjecting masses of 
moistened day to the long-continued action of weak galvanic currents. 

Another theory refers the origin of deavage to a mecfianiccU compresaion 
of the strata appUed at right angles to the deavage planes; and, in support of 
this view, ProC Tyndall, of England, has experimentally shown that fine day, 
or almost any impalpable material, as white-lead, wax, or even cheese, when 
sobjected to pressure, and at the same time allowed to spread laterally, may 
beoome endowed with the property of deaving, or splitting in lines, perpen- 
dicular to the direction of the pressure. Another fact, considered as con- 
firmatory of the mechanical theory of deavage, is, that fossils and other small 
bodies embedded in rocks possessing a cleavage structure, are not imfi^ 
quently distorted ; being lengthened and pulled out, as it were, in the direc- 
tion of the cleavage, and contracted in an opposite direction. 

100. Foliation. — This name has been applied to a 
Btructnre stiperindiiced in some rocks subsequent to tbdr 
original deposition, "which imparts to them a tendency to 
split into plates or layers of different mineral composition, 
either coincident with the bedding or across it. Cleayage^ 
on the contrary, implies only a tendency to split in a maum 
of the same composition. 

The rocks in which a foliated structure, according to the above definitioin, 
is most apparent, are mica schist and gneisa— the former often separating into 



Q0«fliOir&— WkstftM^ ofllMpamUillaaof tbe plMiMof fllMiPNS*' WhAtisfth* 
■uppowd origin nf rltrrigt f Whati«fitlifttl0Br What rooks MpMkai7CzUUftfoU«tiMr 
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a and quarts «iii the latter into lajwa of imea, 

101. Concretionary Slrnctnrej.— Kocka are often per- 
vaded by concretionary Btructures or masses, which differ 
to a greater or less extent in compositios from the Buh- 
stance of the iocloBing rock, and are ugoally of a Bpherical 
or cylindrical form. These structures appear to owe their 
origin, in general, to a tendency which any mineral, dif- 
fused in a state of minute subdivision through a mass of 
different nature, seems to have, to segr^ate itself from the 
mass, and collect about certain centers. 

Clayiton eg. — A. well-kDown varied irf theae concretiona occur in beds 
of clay, CDDtaming dissemiiutted carbooato of liiae, aod are tamiliarlj known 
by the name of "ciayslones." They assume almost eveiy variety of Ibrm; 
some bemg aa smootb and symmetrical aa if turned on a laUie, while otben 
have Dot uofreqaently a mimic resemblance Ut i mi"ifllt or artiScial products, 
tig. it Tvpreaeati some of the most cconmoD Ibrms oT these bodies. 
Fia. 47. 



According to popotar credence clayatcnsa are the nork of mter, tod are 
acanetimes ereu regarded as artificial ; but the -true cause of their formation 
ia, undoubtedly, the s^jegatioii aod cryetalliaiag inSueuce of carbonate of 
lime. This mineral, ori((inaIly disseminated tiirough the mass of the clay in 
small quantities, tends to collect anmnd some poin^ as a nucleus — as, (or ex- 
atajie, on oi^anio body — and araome 6 oiystailina ibrm. The preBcnce and 
■oDtact of the iaeti, non-dTstslltmng particles of finely divided day, how- 
ever, obstructs, and in part prevents, this crystallizing teniSeucy, and tha re- 
sult is an imperfect or semi-crystallization, producing globular or cnrre-Enir- 
Ihced KlidB, oomposed of a mixture of clay and csfbonate of Kme. Similar 
[dienomena are cAen observed in laboratory processes, where the presence of 

« of iMksl Wlut ua oUf- 
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■ddf dlrlded aod diffiifled pttitides of AiNign nbManoeg partiidljUTeBti tbe 

famatkm of ci7BtBlB.* 

Id idditian to tiie cla78toti«B described, & great vsrietj of other ooncretioD- 
>zj ttnictures are reoognized. Iron pyrites (bi-anlphate of iioa), and other 
una of tren, are t«rj freqaeMly Rmnd ^q 4g_ 

diveniDated In rooki in tbe ibrm of 
mmded or nodular maasM. The vwi- 
etj of iron ore kcown as ''hematile" 
Rimisbes beautjlul apecimeiu of coa- 
CTBtioD^ whicb hav« i minutely radi- j 
ri«d mioliiKi at Tight ao^ to tbo | 
man. (See Fig. 48.) 

Examples of concretionary Etracture 
■Ixiimd also in limestones, eapeciall}' in 
tbe magDesian limeBtoDs ; the apherical 
maraes Taiying in Biie i)»in a mere glob- 

Dla to many feet in dituneter. Fig. 49 represents tbe numner in which nodnlei 
ef near!]' pore silica (flint) are Ireqnently distributed in beds of wlitte clialk; 
and, before the iutroduction of tho percussion-cap, such nodulea, from the 
chalk beda of England and France, furnished the material Ibr the manoiao- 
ton of gun-Slots. 

FIO.49. 



Seplarla<— Some nodules or concretioas, when broken open, are often 
fimnd to be traTBiBed by cradca in all directions, more or less filled up with 

(tcnnoii.— Ttut tre otber eoininon foima ormiKntkiuT 



ADcvrafuu to eryitAlUie In Ui«prfiB«c«offt1ftFr**aH>nat cf bD- 

aiertrd by eubonile of Hme In ciyitiiULiliig ia k eneiB«Ue that It 

mn wbm Inwrponled iHth ttiy ptr emt. of t" »rigiit 0/ 

II dig mpontr aioHa thli pmnitaca th« aaHeo of ttaaOTiMIUEtiisAmavlll 
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Sm. 60. <xT«tsllioe KfM. (Sm Fig. SO.) finch nodoks an 

rmad teplaria (LaL Septom, a dwMo*), and, wtian 
It and polished, frequeatly presenl; a highly oma- 
«ntlll sppearancft Seme varietiai of eeptaria — 
toeecoiiip<i8edof argiUsoeaiu Umeatoiu — fnnuah, 
hen ground and pnlTeiized, tlie Sn«K bjdnulio 
lortar, or " Boman cemenL"* 

the Igneoni Eoeks, — One of the prin^ 
)f the igueoua rocks k a want of strati- 
say, their cotutitueiit ingredients do 
a of arrangemeat such as might arise 
drifting, nor any such proofs of me- 
orn and rounded pebbles or grains of 
sand. On the contrary, the igneous rocks ore mostly crys- 
talline rocks. 

Tho grmitcs, sTenites, and porpbTTiea have always a more or less jointed 

Btructure, which is sometimes sufflcienllj regular to impuTt an appearance of 

ftraUBoatioo, In general, however, tho divisional joints of the granitoid 

PiQ. 61. 



rtickai Brocks, 

conseq d upon 

each other. Fig. 51 represents a Jointed atructuro in granite. 

QiimnoHB.— Whit its KptarU ? 'Wlut ti the priodpil eharmcteriBSc of the Igneom 

lockif ____— _____^_ 

antiin ibMit twsntr par atoL ct diy (slUate of linnliiii] 
Iba prafOtTt «k«> tuda inta mgrtu', of haraaiitnc mtSmr, 
ned liTdTuilLc. 



KO. 63. 
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103. PrUmktle Str^ntBre— Osrtalnigtieoiisrock^ MpedaUrthon 
iMiA occDT in thin sheets or iralUike muKs oreriying or enrenit^ otbtt 
neks, aro di-rided by » seriea of joints into a muHitode of priamatio or col- 
tmuur blocks, mora or lets regular. This stractare i« lemark^y displsTed 
in certain rodcs beloDgiog to the trap-gToap — basalt and greenstone — bat It 
cnajalBO be occsHionally obserred in lavas, and sometimes erea in grsnite 
or aqueous rodcs, which are is ckiae p)«^liiiit7 to masses of igneoos rocks. 
The sides of these prisms are sometimes regu. 
Ur and equal, producing hexagonal, pontagona], 
or other forms ; or tbc^ laaj be unsqual and 
inegular, and give lise to uneven and wrinkled 

In coiimmar or prismatic basalt and green- 
Btone, the prisms are ofton separated at inter- 
rait \yj other joints into short blocks (see Fig. | 
63), whose extremities are sometimes fiat and 

Bometdmcs curved into coDrox and concave snri^ces, which fit into each oUier 
Bomewhat after the maimer of a ball and socket joint. In other cases, the 
odmnns are smply oontinuous Irom the top to tho bottom of the mass. 

In lei^th and diameter the columns tary exceodingl; : McCuIlooh mentions 
Bome at the Isle of Sky, which are about 400 feet long; others have been 
noted as not exceeding aa inch in length. In diameter, the; range from nine 
leet to less than aa inch ; but the most regular and sjmmelncal pillars of 
basalt are usually from six to eighteen inches in diameter. In greenstone 
the prismatic structure is commonlj on a larger scale than in basalt, and is 
generally more imperi'ect, and in some instimces the columnar structure Is 
moet noticeeble when the rock is viewed at a distance, as at the Palisades oa 
Fig. B3. 



the Hudson. Uenallj the columns stand perpendicular!;, and so closely com- 
pacted that, though perfectly separable, there is no perceptible space between 
them. (See Fig. 52.) Sometimes, however, they are curved (see Kg. 83), 

QnBTHnrs. — Wbtt rooks hiva ■ prlmuUs or mIubuu Uraiitant maflM tbt aid- 
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or eren borizontiL Fig. 54 ro ;w oota a bwiillip Ton dirilUd Ikto borisoBtal 
|iriim^ on tba noithwest abore of Laka Baparioii 

FtO. 64, 



The columtiar Btructure of basalt and greenstone has produced some of tlie 

. most remarkable naiural sceocrj on tba globe. la Europe, tbe "GiauU 

Camay/ay," id Ibe nortb oTlrelaod, and "Fuel's Cave," at Ibe Isle of &tof& 

(one of tbe western ialands of Sootlaad), are well-known examples. The 

FiQ. 55. 
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ixtaer otHuilts of an UTOf^al&r gronp ot Inmdreda of thoosaoda of pentagoDal, 
jointed baadtic oolamna, ytiljing ftno ona to Ara fbet in thidcoeaa, and from 
twentr to two hondnid feet in height; the whole extending out into the na 

Fia. 66. 



like an artifldal OMueway or landing. Fingal's Cave (we Fig. G5) ig a nattnal 
eamn (^ great beautTV whkdi has been produced b/ the degndatkni and n- 

Till. 57. 
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noTil of bfiflaltlo columns by the actkm of the irayes. Tbo p«rp«Ddiealar 
jmUmts which indoee it are overlaid by a mass oi the same rock, which is 
eo^darefy wanting in prismatic arrangement 

Bemarkable examples of the same structure occur also among the basalts 
and greenstones of our own country, especially in the region bordering on th« 
northwest coast of Lake Superior. Fig. 66 represents a mass of basaltic 
columns resting on sedimentary strata from this locality, figured by Dr. Owen, 
XT. S. Oeologist Greenstone columns (less regular than basalt^ standing up- 
right^ or leaning only a few degrees, are also quite conmion in the United 
States, and constitute some of our most interesting scenery. Of these, the 
Palisades on the Hudson are a well-known example. They also occur on 
the Penobscot river, in Maine, and very perfectly on Mounts Holyoke and 
Tom, on the Connecticut river, in Massachusetts, s 

fig. 57 represents an overhanging group of greenstone columns, at Mount 
Holyoke, figured by Professor Hitchcock. The lower ends of the colunms 
have exfoliated in such a manner as to present a convex surface downward. 

104. Origin of Prismatic Structure. — ^The prismatic or col- 
umnar structure, observable in trap and other rocks, has been shown, by 
experiment, to be due to the manner in which, the rock cooled and consoli- 
dated fix>m a state of fusion. Mr. Gregoiy Watt, of England, melted sevea 
hundred weight of basalt in a blast furnace, and kept it in the furnace for a 
number of days after the fire was reduced. He found that it fused into a 
dark-colored, vitreous mass, with less heat than was necessary to melt pig- 
iron, and when cooled rapidly and In small quantities yielded a slag^like 

Fig. 58. 




glass, not diJBfering in appearance from obsidian. When refrigeration, how- 
ever, took place slowly, and considerable quantities of the molten material 



QuMTioxa.— What are some remarkable examples of colamxuur luisalt and greenstone? 
What is the sopposed origin of the co)unuiar structure in rocks ? Describe Mr. Watt's 
e^eriinent? 
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wefe concerned, the tMowirtg results were not«d: ths mass ratumad to iti 
original Btony ccmditioii, and, daring the process, im^ globules made tlteir 
qjpeannce, vbicb graduoUy increaaed in aiza bj the mocMsiTe fbimation of 
external concentric coata, like tbosa of an onion, ao that, ultimalelj, a nnm- 
ber of solid balls vere Tormed, which oooCiooed to enlarge^ until they pnaed 
latenllj against eauh other, and became converted into abort, polygonal 
prisma. {See ^g. &B,) It waa also erident that if many layers of tbesB aphe- 
roida could have been formed in a taasa of cooling baaalt, one above the other, ft 
long colnmn of separate priBau would have roaulted (as in Fig. 54) with the 
top and bottom of each jcont flat, concave, or convex, aooording to vaiiatioiM 
in the amomit and dlroctton of the presaura at the ends of tlie columna. It 
has alao been obaerved that the directicm of the prisms or columna of basalt 
aod greenstone is usually at right anglea to the greatest eitenaioii of the 
maas, being verticat in a horisootal vein or bed, and horizontal in a vertical 
one, thus showing that the diviuonal structiire commenced at the greatest 
coohi% Bur&ce, and thence Btrudc in towanl the center of the mass. 

105. Position o[ the IgncfrnK Boeks and thtir relation 
to thf'^Strfllified Eochs.— The igneous (unatratified) rocks 
are found in the crust of the earth, under the following 
conditions ; 1, As irregular masses underlying the stratified 
rocks (a, a, Fig. 59). 2, As veins crossing and divid- 
ing rocks of every description (ft, b). 3. As irr^ular 
masses, disrupting (e), overlying (d), or intervening be- 
tween strata (c). 



Ornnito generally makes its appearance at the surface in large irregular 
masses (as at a and e, Fig. 69), occupying consjderable areas, and extending 
beneath tlie stratified rocks to an unknown depth ia the interior of the earth. 
Veins of granite, often blanching and crossing each other, sometimes proceed 
from these masses, and penetrate the a4{<»ning rocks. Those veioa an, in 
some instances, miles in longtli. 

F^. 60 representa granite underiying and penetrattng mica schiaia ftom a 
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Bectioo in CocDwall, BnglaAdj i^ a, grtiaite veinsi \ l>, mica Khwt; e, 

belying man c£ granite. Fig. 61 gbows two exceedingly tortuous ood a 

Fia. 6a 



veina of granite (figured by Dr. Hilcbcock), in limeatone, at Ctolrain, Massa- 
chusattB. 
The trappean and volcanic rocka do not, in general, possess the masMve 
Fig. 61, 



Htracture or granite or occupy bo continuous areas oT the eartb's enrfitca* 
Tbey may ba eapecdallj characterized aa intruaive and orerljing rocks.f 

qmsnos.— Wbmt ua tha ehsnutsrlaUca of the tnppean uid Tolsuds roifta f 



• The liirgHt «re» occopled bj- tr«p-r«ck« (ppean to be lo loaia, whero (hey are r*. 

derolopiuBnte of tnp (bAoalt) Acennln the north of Iretand, Kod coven wiArv of cddD' 
try fifty inUe> long by tbirty iriae, lo a depth of SOO or 400 feet Thh knllly iKliidaa 
the «lebr*t«d - (Hint'i CinBeirmy." (See j «.> 

n dpedil dtfltanaee Ui the emptiTB 
<d sllb the tnppeui ind lolouilc. Thui^ 
but by tho cooflncTice of eerend af tbem may 
laa been poeslbla ttt trace buAltle emptioDi they 
y been found to tennlute In slender tbresdi." Onnatald rsckA, dn th» 
eontruy, "with the eicapMsn of occuLaniL Tclnmrere probably not ampdve id ■ (tate 

■od widely extended eorga. They UikTe been protruded, bat hare not floired forth, uHl 
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106. Telns. — Veins of igneous rock are nsaally tiie re- 
Bult of the injection of liquid (molten ?) rock-matter into 
fissures, which either previously existed, or were formed 
at the time of the injection. Such veins are known as 
veins of injection, and can often he traced to a large mass 
of similar rock, from which, as they proceed, they gener- 
ally subdivide and diminish to mere threads. 



107. Dike. — This term is applied by geolt^sts to wall- 
lite masses of igneous rocks (generally trap, porphyry, or 
lava) which traverse other rocks, and appear to have been 
produced by the intruBion of melted rock-matter into rents 



IKkea are dntinguiahed from veins bj thoir greater magtiltuda, hy Ihe 
pomllelisni <^ tbeir Bidea, by their not ramifying into smaller veina, and b; 
the gToater uDiibnnitj of their contents. When tlie matter of the dike is 
harder tban tlie inteisected Btrats, and the latter liavo btoii (subjected to wear 
md d^radatiOD, the igneous mass frequently projects aboyi) tlio eurfiice like 
a wall, and may be traced lot miles serosa b country; benra tlio namo fh>m 
the Scotch "dike," a wall or fence. 

QnanoHa — Wlu-tla Ibo Bssunied origin of tbIm of lg>ieou« roek« f Wb»l li»dniBf 
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Kg. 63 repraaeote a diaractsrutio ^^iMronce of & trmp-dike a, enUnlj la- 
teimpting; tba contiuuil^ of tbo strata of tbe rock e ; and b, a djko which 
doea not rise to tlie aurbce. 

f^D. 63. 



Dikes nre met with from a fsw inclics to mora tbaa a mile in thtckneA 
In rolctujic emptiona thej may be seen in tlie proccsa of fonnatjoii, as deep 
I'ents and Qssurea filled with liquid lays. Pig. 64 rcprcacnta dikes of modem 
lava traTeiwng rocks in the vicinit/ of ML Etna. 

Teiy fine examples irf trap-dikes may bo (bund in all tiio trap districts oC 
FiQ. C4. 
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5ew England ; and on the ccast of Massachuaetla Bay — sspedaUy at Lynn, 
Maiblehead, Beverly, Salem, Cohasset, and Nahant— the ro<*i are evefj- 
Kbera traversed with dikes of ba.'p and porphyry. One dike, near Pulpit- 
Hock, al Sahant, U over thirty feet in width* 

Veins and dikes IrequeDtJy intersect ; aod, la such caanf, tl>0 odd vhicll 
cuts through the other must be regarded b3 the last eruptod. In this way 
ire are able to dcmooatrato tbo eruption of igneous rocks at several bucceeb- 
Ito and distinct epochs. Fig. 65 rcprosenta nn interesting pinmple ol dykes 
of trap and porpliyiy, erupted at four different periods, in the pyenitlo rorkE 
oTCohasset, MasGaciinsetta. The luiEe of (liu rock 1 being syenite ; a repre- 
leiits a dyke of porphyry ten feet in widlli ; b, o. dike of greenstone twenty 
feet wida ; CjC, c, tijree Emallcr dykes cf greenstone, of a darker color. Id 
Fia. 65. 



Haa case ve have, aodiaputahly, tlie liilk>n'Lng record cf events: First, ths 
Ibrmalinn of tljo syenito ; aecond, the syenite was rent, nnd the fissure filled 
Trith melted porphyry; ihird, tho syenite was rent across the porpliyry, eod 
niollen trap flowed up, forming a diko twonty feet wide ; and, finally, three 
fisores wcro formed across the large dike, whicli were subsequently filled 
irilh tmp of a somewhat different compo^tion. In this example, further' 
ODTO. it will bo obsen'cd that portions of the syenite are imbedded between 

QuBTio^n^-'Wtut ire tame emmpIeB or remirkabls dilinl Unir nur wg dslermliia 



mrrlb of KngUnd, «nd f« known u ttie "Csokfleld Pell Dike." It dooriala of » nsulr 
nKlml *«U of i™p, etghlosn or Iwanlj yiirl. thick, •hlch run» in ■ naaij (tnight Una 

DdrOT*dlit>n«ftfBleM;fwdifracalt t> cDrwertAd InloikLodof doder, vhlls Utoo- 
MmiK, uid oUior TockB In toolset ■rtlib tt, sppoM u if tbtj Iwi btta bstod- 
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lOS. Veim of SegregatiDD.^ — In some inBtances veins are 
fonnd entirely included or insulated in the rock, and can- 
not be traced io a connection with any larger masa of simi- 
lar character. Such veins, in general, appear to have been 
formed of materials which have been separated or s^e- 
gated by chemical action from the mass of the containing 
rock, and pass at their edges, by insensible gradations, into 
that rock. They are, hence, termed " veins of segregation." 
Fia. 66. 



In other [natancea, veiiiB have undoabledlj been fonoed by the deposition 
of miueml matter fram aqneous solutions tnckling throDgh, or flUiog np lock- 
flssuree. In this vaj many veins of carbonate of lime, in alates uA shales, 
have jffobably originated. Fig. G6 is a representation (ftom a pholt^raph) 
of veins of cariranate of lime in black slate, fVom the shores of J^e Cham- 
plain, Vt 



CHAPTER VIII. 

GEOLOGICAL AGENCIES. 

109. Ir there is any one fiict wMcb Iho study of geohjgy teaches more un- 
mistakably tfawi another, it is, that tbe natter composing the crust of the 
earth, ftom the time wben it waa flist called into existence by the^ of tbe 
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Creator to the present, has been subjected to an endless cjele of mntstioiis. 
There may have been periods of comparatiTe rest and qoiesoeiice, but n<nie 
of perfect stagnation and stability ; so that the present condition and con- 
figuration of the earth's sar£M» may be ooaisidered as the last result of a' 
series of cosmical changes, which commenced with the dawn of creation, and 
are continuing on into the future. 

" Had the exterior crust of the earth been subjected to no modifying causes, 
the world would have presented the same appearance now as at the time of 
its creation. The distribution of land and sea would have remained the same ; 
there would have been the same eurface arrangement of hill, valley, and plain, 
and the same unyaryiog aspects of animal and vegetable existence. Under 
such drcumstances, geology, instead of striving to present a consecutive his> 
tory of change and progress, would have been limited to a mere description of 
permanently endurbig appearances. The case, however, is widely different." 
There is no part of the present land-surface of the globe which has not at 
some time been covered by the ocean, while much of the present sea-bottom 
has been in turn dry land. Many of the loftier and most extensive ranges 
of mountains upon the globe — ^the Alps, the Andes, and the Himalayas — are 
of comparatively recent elevation (recent as compared with the White Moun- 
tains of New England, or the Appsdlachian chain of the Atlantic States) ; while 
the commencement of the existence of every animal and vegetable species at 
present found upon the eartli was long subsequent to the existence of the 
myriad organisms, whose remains are now found fossil beneath its surface. 

The agencies which have produced, and are still tend- 
ing to produce, changes in the constitution and structure 
of our planet, may be classified as follows : 1. Igneous 
agencies, or such as manifest themselves in connection with 
some deep-seated source of heat in the interior of the globe. 
2. Aqueous, or those arising from the action of water. 3. 
Atmospheric, or those operating through the medium of the 
atmosphere. 4. Organic, or those depending on animal 
and vegetable growth. 5. Chemical, or those resulting 
from the chemical action of substances on each other. 

SECTION I. 

IGNEOUS AOBNCIBB. 

110, From what has been already said respecting Iho origin of certain 
rocks, tho student must have inferred that geologists recognize heat as one 
of the great agencies which, in times past, have been active in determining 

QuiBTiOKS.— What wonld hare* been the condition of the earth* b surflftce had it re- 
mained nnehangcd ? What are the agencies concerned in prodacing gfiulafln«1 ohanget f 
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the eonrtitQiion aad structure of our jdanet And no peraon at the jyresent 
time c«n witneea^ or even read et, the eruption o£ a yokano^ or, to choose a 
more £uni]iar iliustration, can observe the constant sopply of heated waters 
that flow from the numerous warm qnings of our own country, without being 
fiucibly impressed with the idea that heat is siiU a most active element in the 
earth's crust, at no great distance beneath its surface. When examined in 
detail the evidence is much more conclusive. 

111. Tcmperatnrc of the Earth,— If we descend beneath, 
the surface of the earth, and observe the temperature with 
a thermometer at different depths, it will be found that, 
at a certain depth, the thermometer remains stationary, 
and is uninfluenced by either the heat of summer or the 
cold of winter. This depth, called the " stratum of in- 
variable temperature," ranges, in the temperate zones, at 
from fifty to ninety feet below the surface, according as 
the material passed through is rock, clay, sand, or water. 
Below this depth, the temperature increases as we descend, . 
at the rate of one degree of Fahrenheit for every fifty or 
sixty feet of descent,^ Experiments made in various deep 
mines and artesian wells have invariably shown this to be 
the case in all quarters of the globe and in all kinds of 
rock. 

Now, if this increase of heat toward the center goes on at the same rate 
that it does near the sur&ce, the temperature, at a depth of 9000 feet (about 
one and three quarters miles), must equal that of boiling water, and, at the 

QxTESTiONB. — Whftt influence has heat exerted upon the structure of the earth f What 
is the stratum of invariable temperature in the earth ? What is its range ? 



♦ The following are some of the obseiTations made most recently on this subject : In 
England obserrations-haTe been made in the vertical shafts of two very deep coal mineis 
viz., at Monkwearmonth, which is 1800 feet deep, and Dunkinfield, which is upwards of 
2000 feet deep, and in both cases the observations wer€ made while the workmen were 
sinking the shafts, and with every precaution against the influence of any eztraneoai 
causes. The former gave an increase of 1° of Fahrenheit for every sixty feet of depth, 
and the latter 1° for about every seventy feet The artesian well of Grenelle (Paris), is 
1800 feet deep ; observations made by Arago, during the boring, showed that the average 
increase of temperature in this was 1" for sixty feet At Mordorff, Luxemburg, the depth 
of the artesian well is 2400 feet, and the increase in temperature 1° for every fifty-seven 
feet At the artesian well of New Seltzwork, in Westphalia, the depth is 2100 feet, and 
the increase 1° for every fifty-five feet At Louisville, Ky., the depth of an artesian well, 
finished in 1859, is 2080 feet deep, and the average increase is 1" for every sixty-seven feet 
below the first 90 feet from the surface. In the silver mine of Guanaxato, Mexico, 1713 
feet deep, thu increase is 1* for every forty-five feet In the coal mines of Eastern 
Virginia, the average increase is about 1*" for every sixty feet 
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oomparatiyely small depth of twentj-fiye or thirty miles, the heat is probably 
Boffidont to reduce to fusion any material found upon the earth^s suHkce. 

It is also a fact of much significance that the waters of deep springs and 
weDs (such as deep artesian wells), have always a high temperature. The 
water of the artesian well of Crenelle (Paris), 1,800 feet deep, has a con- 
stant temperature of 82^ F., while the mean temperature of the air in the 
cellars of the Observatory at Paris is only 53<* F. The water of the artesian 
wen at Louisville, Ky. — ^2,086 feet deep— as it flows firom the top, has a con- 
stant temperature of 76^** P., and of 82<* P. at the bottom. This well dis- 
charges at the rate of 220 gallons per minute, consequently the source of the 
supply of heat to the water cannot be local or insignificant. 

" As another result of direct observation, we may state that all igneous 
rocks proceed from below upward, coming out of the interior of the earth ; 
and that whenever we are able to see the actual base of the aqueous rocks of 
any district, we find them reposing upon cooled igneous rocks, generally 
granite; and that, ceteris paribus, the lower the rocks or ^e deeper* they 
have formerly been buried, the more marks do they bear of having been sub- 
jected to great heat." — Jukes. 

From these and other facts, such as the existence of 
* volcanoes, and the phenomena of earthquakes, which will 
be hereafter noticed, geologists have been led very gener- 
ally to the conclusion that the solid or rocky crust of the 
earth forms but a comparatively thin film or shell, and 
that the great interior mass exists in a state of high in- 
candescence or molten fluidity.* 

The influence of such a heated interior upon the present surface tempera- 
ture of the earth, is, however, insignificant, owing to the extreme slowness 
with which heat is transmitted by all earthy materials. Supposing the ex- 
' tenia! rocky crust to have a thickness of thirty or forty miles, M. Eourier, of 

QDnfnoN s. — In what maimer does the tempemtnre of the earth increase as we descend 
into it? What must be tiie result of a p rogres s ire increase of temperatnre? What is 
the general temperature of deep springs and wells ? Oive some iUnstraUons f Wliat ap- 
pears to have been the sonrce of tlM igneous rocks ? What opiidon is generaUf enter- 
tained by geologists respecting the condition of the inteiior of the earth? What eflbct 
would a heated interior produce at present upon the temperature of the earth's surftMe? 

* Geologists differ widely in their esflmates of the thickness of the solid rock-crust of 
the earth. Seme— perhaps ^ minority— are inclined to the belief that the most refractory 
Toek-substances are in a state of complete fusion at a depth of twenty or thirty miles: 
others extend this limit to sixty or eighty miles. Mr. William Hopkins, of England, 
basing his concludons on certain astronomical phenomena, and also on the fact that the 
temperature of the melting-point of most substances is much increased by great pressure, 
ifi«<ti«^in« iliat the minimum thickness of the solid external crust of the earth cannot be 
less than 800 miles, although the temperature may be at the same time intense. 



* Earth and rock are among the rery poorest condactors of heat. If we indicate Gne 
eondnetli^ power of gold (the best heat-conducting material) by 100, the figores 3T.4 will 
expreas tlie relative oondncting power of iron, 2.3 that of marble, and 1.1 that of day. 
Tlie non-condncUng properties of ** plaster of Paris** (gypsom) are so great that it is al- 
most impossible to heat water in a tin ressel whose sides and bottom are thinly coated 
with this substance. In descriptions of volcanic eruptions wo are often told of persons 
walking with impnnity upon the cooled surface of lara streams, while a few inches below 
the surface the mass Ls still incandescent, or even fluid. In an eruption of Mount Etna, 
in 1819, a lava sheet was observed to be in motion, at the rate of three feet per day, 
nine months after its discharge from the crater. 

t In Greenland, which is at present almost devoid of all v^^tation, fosdl trunks of 
trees have been found in the coal formation over three feet in diameter. The most abund- 
ant fossils collected by the parties engaged in the recent search for Sir John Franklin, 
firom the rock formiUions of the extreme Arctic latitudes, were corals, and varieties of 
shells and plants of an eminently tropical character. (See Appendix to McClintock*s Nar- 
rative, 1859.) 

X From these old ages we have certainly no thermometric observations, but we have 
litfoxmation.r^arding the distribution of certain cultivated plants, the vine, the olive, 
etc, wUeh are very sensitive to changes of the mean annual temperature, and we find 
tint these plants have the same limits 4>f distribution that they had in the times of 
Abraham and HosBer, firom which we may infer backward the consistency of the climate. 
*' As we may judge of the oniformity of temperature from the unaltered time of vibra- 
tion of a pendulum, so we may also learn from the unaltered velocity of the earth the 
amount of stability in the mean temperature of our globe. This insight into the relations 
between the length of tJie day and the heat of the earth is the result of one of the most 
brilliant applications of the knowledge we possess of the movements of the heavens to the 
thermic condition of our planet The rotary velocity of the earth depends on its vol- 
ume : and rinoe, by the gradual cooling of the mass by radiation, the axis of rotation 
would become shorter, the rotatory velocity would necessarily increase, and the length of 
the day diminish, with a decrease of the temperature. From a comparison of the secular 
inequalities in the motions of the moon, with the eclipses observed in ancient times, it 



>• 
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France, has sliown, by carefully conducted experiments and mathematical 
reasoning, that the excess of temperature at the surface of the earth from any 
possible supply of internal heat cannot exceed j-^th of a degree of Fahren- 
heit — ^an amount insufficient to melt a coating of ice ten feet thick upon the 
earth's surface in less than 100 years.* 

It is, however, oonceiyable, that during the earlier geological epochs the 
crust of the earth might have been so thin (». «., before it thickened by cool- 
ing) as to allow of the communication of a large supply of heat from the in- 
terior to the Bur&ce, suffident even to produce a tropical climate in extreme "^ 
northern and sonthem latitudes. Such a supposition, furthermore, derives 
some support from the &ct that recent geological investigations have proved, 
that the temperature of the Arctic regions was once suffidently elevated to 
allow of the existence of animals and plants analogous to those which are 
now found only in the tropics.f It is not, however, probable that the tem- 
perature of the earth has sensibly diminished since the commencement of 
the historic period, or during the last 4^000 years.^ 

QinBTiONS.— Is it conceivable that the surface temperature has been ever afiected by 
the central heat of the earth ? Is there any e videnco oi) this point ? 
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112. The hypothesia that the rock crast of the earth is only a oompara* 
tivelj thin shell or film, which has consolidated around a heated interior, 
iumnhes a very planmble explanation of all those geological phenomena 
which appear to be either directly or indirectly the result of igneous agency ; 
such as volcanic eruptions, thermal springs, earthquakes, and the upheaval 
or depression of extensive areas of the earth's sur&ce. This theory, how- 
ever, has been rejected by some very eminent geologists, who have suggested 
other explanations of the facts above referred ta Thus, some have sup- 
posed that the interior of the earth is composed, in part, of the metallic bases 
of the earths and alkalies — ^particularly potassium, sodium, and calcium— 
which combine energetically with oxygen whenever they are brought in con- 
tact with water, with the evolution of light and heat If to these metals 
water should occasionally find access through fissures in the rock-crust of the 
earth, the heat generated might be sufficient to melt the surrounding minora! 
maitors and produce volcanic and earthquake phenomena. Other chemical 
reactions, and the agency of electridty, have also been suggested as the cause 
of the internal heat of the earth, but none of these theories have thus far ob- 
tained general acceptation. 

113. Number and Distribution of Volcanoes. — Theniun- 
• ber of active volcanoes on the globe is estimated at about 
400.«^ 

Of this number more than three-fourths occupy the islands or the shores of 
the Pacific Ocean. Thus, over seventy volcanoes exist on the islands of the 
Sonda Group (Java^ Sumatra, etc.) ; seventy-four in Kamtschatka and on the 
Aleutian and Kurile Islands ; twenty-three on the islands of Japan ; thurty- 
foor on the Moluccas and Phillippine Islands; fifty-four on the west coast of 
South America; forty-eight in Central America ; and ten on the west coast of 
North America. B^dea the volcanoes which thus fringe the Pacific, almost 
all the islands in the interior of this ocean, which attain a considerable height, 
are either of volcanic origin or are subject to volcanic eruptions — ^as the Sand- 
wich, Friendly, Galapagos, and Ladrone Islands. 

The Atlantic Ocean and Europe together number thirty-seven vdcanoes; 
of these, ten are in the West India Islands, and five in Southern Europe aad 
the Mediterranean. There is no certainty of the existence of any active vol- 
cano on the continent of Africa. 

QuxsnoNS.— Of what phenomena does this hypothesia ftemiah a ready eac pl a n a tton f 
Is the theory of a heated interior to the earth nniveraaUy accepted f What is aald of th« 
numher and distribution of yolcanoes ? Where are they mainly located f 

fonoirs that since the time of Hipparchna, that is, for full 2,000 years, the length of the 
day has certainly not diminished by the 1-lOOth part of a second. The decrease of the 
mesn heat of the globe during a period of 2,000 years has not, therefore, talcing the ex- 
tremest limits, diminished as much as l-300th part of a degree of Fahrenheit**— flicmteldC 
* This estimate includes all those vhich exhibit some evidence of having been in aettviftj 
daring the historic period. If, however, we class as active those only which have been in 
» Kate of eniption, withia a oomp«»tlvely reoent period, the number to reduced to ab<mt 
2T0L 
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^0 moet extreme limit erer roacdied bj man in the loutbQrD hemisphere 
also preaentB a wtrndorful exsmf^ of Tolcanic flra. Sir Juoei Boea, at a 
point oa the coast of the great AaUreHa cmitiBeiit, diaoovered in 1811 two 
Immeni'e Tolcaooei, the one exliucl, oalled Mt. Terror ; the otlier, diacbaipog 
duiM colomiu! of black aiaoke, tinged with Hame, called Mt, Erebus. The 
latter was estiiDBted Dt no loss than 12,000 feet above the level of the sea, 
and ibrmod part of a, Htnpendoos dain of mountains belonging to tbe new 
ocmtineiit, all of which were apparentlj volcanic. 

The most active volcano in the territory of the United States is Mount St 
Hdens, on the Columbia Kver, in Oregon. In Mexico there are five active 
vtdcauoet ; and notable examples also ocour in tbe ne^boring "Wast Indian 
Islands, at Gaadaloape^ St. Tincent, and St. Cbiistopher. 



With verjr few exoeptiona, the active volcanoes of tbe world am found 
either in ialaoda, or, if on continents, in situations conparatirel; near the sea- 
shore. Hence, it has been inferred that pTozimitr to the sea, and the pene- 
tration of Bea-watj!r to the seat of igneous action, ■were essential (or Iho 
production and continuance of volcania phenomena. Humboldt, however, 
supposes that littoral (ahore) situations onlj favor eruptions, by forming the 
margin of a deep sea basin, -whicb, covered with water, olTers less rcastanoo 
to the Hubterranean fire than the interior continent covered Willi a greater 
T«ght of roek-Btrata. 
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Yolcanoes ara rarely isolated, bat on the coDtraiy are 
almost always arranged in lines or bands, 'which generally 
coincide with extensive ranges of mountains. * 

SmJi a linear arrangemeDt, according to Eamboldt, auggesCa Uie idea that 
Tolcanoes are merelj yenta, located above Hune liir-eitended Bubternweaa 
crack or flasare in the cniaC of the eaitli, through which the molten matter of 
the interior escapes to the 8arlk«. Tbe eziBtence of these ctacka, alao^ may 
be eqoallj efficient in allowing water to find acoesa to the interior, where, 
coming in. contact with heated sabstanoes, great volumea of steam and gas 
would be evolved ; and theae in turn exerUog ao immense ptesauie, m^ be 
directlj coDcenied in producing an eruption. 
Fia. 68. 



Of isolated volcanoes, discoonected with any other extensive elevation of 
the earth's sur&ce, the " Peak of Teneriffcv" 1^000 feet high, is one of the 
most mariced examples. (See dg. 67.) 



nrkablBl 



ie nt Tsnla, for enmplo, la preHntad by tlie tdIduwh of Ainerla, 
Dd Rocky If oDStain) being caiin«itod 1^ tb« CordUIfiru of Ueiieo 
lUier ninsrkablfl Uno of volunoe* commsiicet with Alulu. cm tlM 
nut of Budu Ameria, pusea arer Oa AlanOu IilHnd>, Ouiace tolo irnnto"li«rtr». 
tko EtnlUaa, JipucH, PUDIpplne, and Holacca IiUndi, then tucqlng p — tbrongh 
Jan and SoBiatn, and floallr taimluUa vlth tha vslcano of Bairca Iilaiid,laUH Bay 
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The loftiest' TolcoDo in the globe ia Aconcagua (one of the Chilian Andea), 
which hses to the height of 23,900 feet Tho moat beautifuUr regular snd 
Bymmetrioal volcftno isCotopaiJ, 19,010 feet (See Fig. 6B.)« 

Other voloanoes exhibit no elevated cone whatever, but are more accimia- 
lations ot hilli of tooae materials. Fig. 69 la a representation of a low vol- 
cano on Barren Island, in Che Bajof Bst^aL 
Fro. 69. 



114. Tbopn^KHlkfliate sizeoftbocraters of vtdcanoes vnrieagreatly; soma 
craters, as VasoTina, being small but distinct, white others are of enonnoua 
maguitude. Thus, the immediate crater <^ EJlauea, at Hawaii, one of the 
Sandwich lalanda (located on a table-land S,910 feet above the level of the 
see), is a crescent-ahaped gulf, 1,500 feet deep, and from seven to tea miles 
in drcumfereDce.f At the bottom of tliis crater are several lakes td' hquid 
lava, which at times exceed two miles in circumference. At the great vol- 
cano of Pichiocha, in South America — 16,000 fbet high — " tho Iraveter," ac- 
cording to Humboldt, "may look dowo from the edge of the crater on the 
summits of mountsjns, which rise iu the sulphureous atmwphere from the 
cavity beneath him." 

Qo™TKni»._What ti UiBlofUcst! Wh»t ths moBt ayqimetrloil f Whatfa Mid of th* 



t " To give (D idea of tlie capacity of thli enter, Uioettf of Nev York mleht be placed 
within it, and vhen at Iti bottom would liardl;' be DoUced. AU the nsnal Ideas of toI- 
nolo cralan are dlulpated gpon leelog It. Tliere ia no tfevated cone, and no Igiwana 
matter or locks «)inted bayond Uu rim. The banki appear aa If bnilt o' maaiiTe blackB, 
whlcb are, In places, dotbed Tttb (ems, nooridied by tlia tsaulDg vapora Tbs bottom, la 
Uie daytlmB, looks Ilka a heap of smolderiiig mina, bnt at nigbt the Immania psola ot 
chsrrr-red Hqnld Ian, io ■ stale of violent ebnllitioD, nhimliule lbs vhole eipaiise, 
ivet Ibe whola Uk« a vast aHUitf,"—ScrTaihi vf (Ac 
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115. Frequency of Eruptions. — Only- a few Toloanoes are in a 
state of amstani activity, and the majority exhibit their powers only at dis- 
tant intervals. The volcano of Stromboli, one of the Lipari islands, is a 
perpetually bubbling caldron of heated lava, and its operations were described 
by writers antecedent to the Christian era. The great volcano of Kilauea 
(which is the largest and most remarkable on the globe) is always active. 
Several volcanoes, in South and Central America, are also constantly burn- 
ing; and, since the date of the Spanish Conquest, smoke has issued uninter- 
ruptedly from the lofty peak (1*7,000 feet) of Popocatepetl, in Mexico. 

On the other hand, Vesuvius, which is one of the best known, although 
one of the smallest volcanoes,* is not recorded as active before the year 
79, after the Christian era^ when the famous eruption took place which de- 
stroyed the cities of Herculaneum and PompeiL After the year 1139, it re- 
mained dormant for 168 years. During the interval between 1500 and 1631 
it was also apparently extinct, and the interior of the crater is described as 
covered with shrubs and rich herbage. Of late years, however, Vesuvius 
has been exceedingly active. The volcano of Iscbia, in the Mediterra- 
nean, is believed to have enjoyed an interval of rest for about seventeen 
centuries, or up to 1302, when an eruption broke forth, which lasted for two 
months* From these facts, therefore, it is not improbable that some of the 
volcanoes now regarded as extinct (like Chimborazo, in South America^ or 
Mt Ararat, in Eastern Asia), may at some future period exhibit intense 
activity. 

The number of volcanic eruptions which take place in a 
century has bcea estimated at 2,000, or at the average 
rate of about twenty every year. 

116. Phenomona of an Eruption. — ^The eruptions from those vol- 
canoes, whoso activity is intermittent, resemble each other so closely that the 
history of one is very much that of all; and this similarity is not limited to the 
external circumstances — ^namely, the explosion, the darkness, the torrents of 
lava, mud, or water, and the evolution of smoke and gases — but equally 
holds good in regard to the nature of the matter ejected from the interior of 
the mountain. Not* only is the matter thrown out by volcanoes in the most 
distant parts of the world (with few exceptions) alike in form, but it is almost 
identical in chemical composition. We find that lava, scoriso, ashes, and other 
products, proceed from all, or almost all volcanoes, and these products, when 
analyzed by the chemist, yield nearly the same ultimate elements. 

Qramoirs — ^Are the so-called '* aotiye ▼olcanoeni'* alwayi in a state of ernption t Hen* 
tion some of the constantly active yoloanoes f What is said of the eruptions of Vesnrios f 
What to the average annual number of yolcanio eruptions ? What is said of the similarity 
of volcanic emptions ? 

* The volcanoes of southern Europe, in the region of tho Mediterranean, being sur- 
rounded by long-civilised communities, have been more closely observed and studied 
than any others on the c^be ; but the phenomena they exhibit are insignificant when 
emnpared with the operations of the mii^ty volcanoes of South America, or those ef the 
Is^ttan Archipelago. 
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Eruptions are generally preceded bf loud, subterranean noises, and fre- 
quently by Blight shocks of earthquakes. Fountains and springs dry up, and 
the air, pervaded by an unnatural stillness, seems dose and oppressiye. The 
sounds are Ascribed as being sometimes of the most awftd description, and 
the noise, according to some writers, resembling discharges of heavy artillery, 
and awM roarings.* At the time when these sounds aro issuing from beneath 
the ground, columns of dense smoke are seen to issue from the crater of the v(^- 
cana This smoke occasionally assumes a very sing^ular appearance^ and bears 
some resemblance to a tree^ or an (4>en umbrella. It somethnes overhangs 
so great an area as to produce total darkness in the neighboriiood of ^e 
volcano^ and is then accompanied by a fall of volcanic sand and ashes, which 
often attain a considerable depth.f 

Succeeding the smoke, immense quantities of stones, of different sizes, 
mixed with ashes and sand, are now cast up from the mouth of the crater, 
lathe eruption of Mt Vesuvius, in 1*779, a huge red c(dumn of liqmd lava, 
mixed with stones, was projected to a height, according to Sir William 
Hamilton, of 10,000 feet ; and the flames of Cotopaxi, according to Humboldt, 
have risen 2,700 feet above the crater. 

The eruption generally soon reaches the point at which the molten lava 
begins to flow -either over the crater or from lateral vents. It issues in a 
dark, sluggish stream, being sometimes of great breadth and depth, and always 
carryhig destruction in its path.} Fig. 70 represents the appearance of a 
lava stream as it flows from the crater of Vesuvius. 

QuxsTiox. — DeaoribO'the phenomena of an eraption. 



* Humboldt mentions that the ceilings in the palaee at Portici, at the foot of Mt 
YesuTlus, vere cracked by the mere eflisct of the concussion of the air. On the ooeasiou 
of an eruption of the volcano of Cozeguina, in Central America, the explosions are said to 
have been heard over an area of nearly 1,600 miles in diameter. During an eruption in 
Sumbava, one of the Sundi Islands, the sounds were heard in Sumatra, at a distance of 
of 970 geographical miles, and at Temate, in an oppo(dte direction, at a distance of 79(> 
rm&es. 

t At the eruption of Cozeguina, in Central America, in 1835, the sand and ashes fell in 
such quantities in the immediate vicinity as to crush in the roo£B of houses ; ashes also fell 
at Leon, more than 100 miles distant, to the d^th of several inches, and in Jamaica and 
Vera Cruz, comprising an area, in all, of 1,600 miles in diameter.— iSf^ui^r** IHcaragua, 
It was by showers of this kind that the Italian cities of Pompeii and Herculaneum were 
buried in the year 79 of the Christian Era. In this case, however, the fine, loose materials 
appear to have been in part converted into mud by copious showers of rain, which resulted 
fh>m the condensation of the vapors ^ected fh>m the volcano ; and hence, as these cities aro 

excavated, everything enveloped Is found in a most perfect state of preservatioii the 

pavements, with the carriage ruts in them, still distinct; the fresco-paintings oa the 
walls almost as vivid as if just finished ; the fabrics in the shops still showing their text- 
ure ; broad retaining the stamp of the baker ; and rolls of manuscript with the writing 
BtUl legible. 

X At an eruption of Mt Etna, in 1792, it is mentioned that the liquid lava streams ware 
often thirty feet high ; and, when confined in narrow channels, they reached a height of 
800 feet Lava streams of the depth of 100 feet have repeatedly flowed from volcaaoea 
inlcetaad. 
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The pngresa of the lava (s generally vejy atow; the rate of Eposd diflfering 
accordiog aa the Ittva-strr^am di^sccnda a more or )esa inclined surbce. At - 
file jreat eruption of Mauna Loa, Sandwich Islands, in 1859, a laTa Etream 
ftom an eighth lo a half a mile in width, ran twonty-flve miles in a single night, 
bat did not reach the seit, fort; miles distant from the crater, unm eigbt daya 
alter the oommenoemcat of the eruption. Ila speed at some points near the 
crater was estimated at thirty Eules and upward per hour. It haa lieen ob- 
Berved that lava, springing from a low source, ia generally in a more liquid 
state than that from a more elevated crater ; and that craters of low elera- 
tkm throw out a much greatw quMitity of lava, Tho highest Toloanoes of 
8o<tUi AmericA do not at present discbai^ any lava. 

In the place of lava, torrents of mud, flowit^ with great violence, are some- 
titnes the accompaniment of volcanic eruptions. Mud torrents, from ML 
CM^aairaso, in South America, aro said, on one occaaioa, to have covered a 
snrbce of about forty miles eqaare; and similar atreams, from Tunguragua, 
near Quito, S. A. (in 1T97), filled vallcya 1,000 feet wide to the depth of 600 
feet. 

From Bomo volcanic fissures mud and steam arc tho principal products 
ejected. Very curious oxamples of this nature havo l>ean recently disoovered 
in the Colorado Dasert, on the eastern borders ofCaiiforuia. 
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Other Yolcanic fissoreSi or rents, are remarkable for the dischaige of sul- 
phmoos YoparBf and carbonic add or other gases. A. crater on the Island of 
Java contcdns a lake, strongly impregnated with sulphuric add, a quarter of 
a mile long, from which a river of acid water issues, which supports no living 
creature, nor can fish live in the sea near its confluence. The fiunous " Valley 
of the Upas Tree," or the "Valley of Death," in Java, is simply the crater of 
an extinct volcano, half a mile in circumference, filled with carbonic acid gas, 
which contmually emanates firom fissures in the bottom of the valley. Tho 
gas being invisible, and entirely irrespirable, every living thing that descends 
below the margin of the valley is instantly suffocated ; and as the same fate 
awaits any one that may go to the rescue, the ground is covered with the 
bones of numerous animals, and even men, that have approached the pre- 
cincts. The deadly influence of this valley was formerly ascribed to tbe 
malignant properties of a peculiar vegetable production of the island, called 
the "upas tree," which especially flourishes in this locality. 

11*1, Submarine Volcanoes . — Volcanic eruptions take place as well 
beneath tho waters of the ocean as upon the land, although opportunities 
ibr observing such phenomena are not as fi^uent The crews of vessels 
have, however, sometimes reported that they have seen in different places 
sulphurous smoke, flame, jets of water or of steam, rising up from the sea, or 
they have encountered islands, or ree& of rocks emerging above the sur- 
&ce of the ocean, where previously there was always supposed to be deep 
water. In 1811, a violent submarine eruption (see Fig. *!1) was observed in 
the vicinity of the Azores, and resulted in the formation of an island 300 feet 
high, and a mfle in circumference, which, after a time, disappeared. In 1814, 
a volcanic peak, 3,000 feet high, was protruded above the ocean, in the vicin- 
ity of tho Aleutian Islands, cast of Kamtschatka. In 1831, a volcanic island, 
called Graham's Island, one and a third miles in circumference, and about 
200 feet high, rose in the Mediterranean, off the coast of Sicily. This island 
lasted about three years, when it was washed away, leaving an extensive 
shoal in its place. The water in this locality, previous to the eruption, was 
known to have been 600 feet deep. 

118. One or two remarkable instances of volcanic eruptions may be briefly 
noticed. First, for duration and force we may refer to that which took place 
in the island of Sumbawa (one of the Sunda Islands lying east of Java), in 
the year 1815. It commenced on the 5th of April, and did not entirely cease 
until July. Its influence (t. e., shocks, and the noise of the explosions) was 
perceptible over an area 1,800 miles in diameter, while within the range of 
its more immediate vidnity, embracing a space of 400 miles, its effects were 
most terrific. In Java, 300 miles distant, it seemed to be awfully present. 
The sky was overcast at noon-day with clouds of ashes, which the hght of 
the sun was unable to penetrate, and fields, streets, and houses were covered 

QuESTioiTB. — Mention some examples? Do volcanic eruptions take place on the bed 
of the ocean f Mention some of tho incidents attending suc^ eruptions? 
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with aahee'to the depth of several inches. At Snmbawa itself; ImmenBa col- 
nmn^ of flmce appeared to burst forth from the top of the volcano, Tombora, 
and in. a short time the whole mounbua appeared like a mass of liquid Are, 
which gradually eiteoded in every direelion. As the eruption continned, a 
darkness supervened, ea profound as to obacuro even the Hght of the Bames ; 
Bhowera of atonea and aahea fell continuously over the whole island j t2ie sea 
rose twelve foct higher than it had ever been known to do before ; and finally 
ft whirlwind ensued, which tore up the largest trees, and carried them into 
the air, together with men horsca, cattle, and whatever else came within its 
inHuence. Of 12,000 inhabitants in tho vicinity only six are believed to have 
escaped, and of some entire Tillages not ovon a yestigo remained. 

In 1172, the Papandayang, one of the loflieat volcanic mountains in Java, 
alter a short but severe eruption, auddenl}' fell in and disappeared in the 
earth, carrying vrith it about ninety Square miles of territoiy. Forty villages 
were engulfed, or covered with ejected matter, at the samo time, and nearly 
3,000 persons perished. 

Another eruption worthy of mention, in respect to the quantity of lava 
ejected, was that of one of the volcanoes of Iceland — the Skaptar Jokul — in 
llio year 1183. This eruption commenced in May and lasted until the end 
of August, during the greater part of whicli time th© sun was entirely hid by 
dense clouds of ashes and vapors, which OKtended even to England and 

(il!artas.—Vhmt «ra nmfi of tbe atrnt rcmiriMbla .olanti! emptloni on neorl f ■ 
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Holland. The lava flowed from the volcano for ten weeks in two nearly op- 
posite streams, eadi of which had a length of about fifty miles, with a vaiy- 
ing breadth of from seven to fifteen mile& The thickness of these streams 
was variable, being firom 500 to 600 feet in the narrow channels, but in the 
plains rarely more than 100, and often not exceeding ten feet Both streams 
discharged into the sea, entirely destroying the fisheries on the coast, and 
thereby adding another misery to the condition of the poor inhabitants. Some 
rivers upon the island were heated to ebullition; others dried up; the con- 
densed vf^rs fell in snow and torrents of rain ; the whole country was laid 
waste; famine and disease ensued, and in the course of the two following 
years 9,000 human beings (one fifth of the population) and immense numbers 
of horses, cattle, and sheep perished. The scene of horror was closed by a 
dreadftil earthquake. Previous to the eruption an ominous mildness of tem- 
perature indicated the approach of the volcanic fire toward the surface of the 
earth ; a warning vdiich has been observed in other eruptions. 

119. Force of Volcanic Action. — ^The force exerted by volcanic 
agency is almost beyond computation. In the eruption of Skaptur Jokul, 
above described, it was estimated that there was discharged fix>m the bowels 
of the earth, through this volcano, in the space often weeks, 60,000 millions 
cubic feet of molten matter, or forty millions of tuns. In an eruption of 
Xilauea, S. L, in 1840, Pro£ Dana estimated the amount of matter that 
fiowed out to be equal to 15,400,000,000 cubic feet — a mass sufiQcient to form 
a triangular ridge two miles long, 800 feet high, and a mile wide at the base. 

The projectile fivce occasionally exerted in ^uptions^ may be judged of by 
the distance to vdliich masses of rock have been thrown fix>m the crater of 
volcanoes. Thus, Ootopazi on one occasion threw a mass of rock, 109 cubic 
yards in volume, to a distance of nine miles ; and the same vcdcano (which is 
19,000 feet high) has projected material 6,000 feet above its summit. Vesu- 
vius also (3,900 feet h^) has also thrown sooria 4,000 feet above its 
summit. 

The summit of Vesuvius is 3,900 feet above the sea-leveL Now, to Soiree 
a column of liquid lava, of the specific gravity of 2.8 (the comparative weight 
of compact marble), up the chinmey of this volcano, to a height sufficient to 
cause the lava to flow over the crater, must require a pressure, at the base 
of the column, of at least 4,^00 pounds to the square inch. In the case of 
Mauna Loa, Sandwich Islands, which is 13,600 feet high, the pressure requi- 
site to effect the same result must be 16,500 pounds per square inch; and at 
Cotopaxi, 18,8*75 feet high, upward of 22,000 pounds.* But the chimney of 
a volcano, in all probability, extends to a very great depth — miles possibly — 



QussnoNB.— What ia nid of the foroe exerted bjvoloanio agencies? What proofs 
have we of the eDormons power exerted ? 



* A better idea of the immensity of the power tihus displayed may perhaps be gained 
by remembering that the pressure used in working high-pressure steam-engines does 
not ordinarily exceed sixty pounds per square inch of the piston. 
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below the sea level; and hence the flgoiM above given mnst represent but 
a verj small part of the actual foroo pteaeang upon tbe lava in its subttf- 
lanean reservoir. • . 

120. Subterranean Connection of Volcanoes.— It seems evi- 
dent that there exists in many cases free communication under ground, be- 
tween volcanoes at great distances from each other. Thus, according to 
Humbc^dt, all tho lofbj volcanoes in the vicinity of Quito, S. A., embracing 
Cotopaxi, Pichincba, and many others, are to be viewed as the op^iings of 
a single volcanic furnace— the subterranean fire sometimes breaking fixth 
through one and sometimes through another of its chimneys. 

An open, subterranean communication has also been inferred to exist between 
Etna and Vesuvius, in Southern Europe, since, when one of these volcanoes 
is active, the other, with all the smaller fissures in its vicinity, is generally 
notably quiet In 1*783, when a submarine volcano on the coast of Iceland 
ceased to eject matter, another immediately broke out 180 miles distant in 
tho interior of the island. It therefore seems clear that however distinct the 
volcanoes of the same system may be at the surface of the earth, they are part 
of one general effect, produced by deep-seated subterranean causes. 

121. Extinct Volcanoes.— Yolcanic agency appears to have been 
more extensive — and possibly more active — in former ages of the world than 
at present; inasmuch as the remains of extinct volcanoes, craters, lava- 
streams, and accumulations of scorias and ashes occupy extensive areas of 
the earth's surface, which have exhibited no evidence of the action of sub- 
terranean fire during the historic period. 

In southern and central France extinct volcanoes cover several thousand 
square miles of territory, the ancient craters and lava streams being every 
way distinct and characteristic. (See Fig. 11.) In southern Italy the craters 
of upwards of sixty extinct volcanoes can be recognized, some of them 
larger than Yesuvius. Extinct volcanoes also exist in Spain and Portugal, 
in Germany — ^along the Rhine — in Hungary, and throughout central and 
western Asia, and the whole peninsula of India. Mt Ararat, in Armenia, 
is a huge extinct volcano. Striking marks of volcanic action also exist 
throughout Palestine and Asia Minor, especially in the vicinity of Mt Sinai 
and the Dead Sea.** 

In the southern plams of South America Mr. Darwin has described a vast 
deluge of lava -which flowed in several streams from the Andes to a distance 
of over 100 miles, and of which the aggregate thickness at the extremity ia 
not less than 130 feet. A large proportion of the lofty peaks of the Andea^ 
of the Ck)rdilleras in Mexico and California, and of the Rocky Mountains, must 
also be included in the class of extinct volcanoes. 

QuBBTioxs. — Im there any evidence of a subterranean connection between different vol . 
canoes ? What evidence have we of volcanic action In former epochs of the world's his- 
tory? In what countries are the remains of extinct volcanoes especially noticeable ? 

• The destruction of the "Cities of the Plain,'* Sodom and Gomorrah, and the forma, 
tion of the Bead Sea, Is generally Bupposcd by geologists to have been the result of 
volcanic action. 
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122. Earthquakes have been defined to be volcanoes 
without any vent ; or, in other words, they are the result 
of the action of volcanic forces confined beneath the earth's 
surface. 

As the accidental bursting of a powdor magazine is more dreadful ttian the 
firing of the heaviest artillery, inasmuch as the one spreads all around and 
the other but in one direction, so earthquakes have ever inspired more terror 
and been more destructive of human life than volcanoes. 

Earthquakes occur not only in all volcanic countries but 
in many districts which present no mark whatever of vol- 
canic action and no trace of volcanic products. 

123. Earthqnake Motions.— The nature of the earth- 
quake shock is that of waves propagated from a central 
point or focus.* 

These waves sometimes manifest themselves as mere tremblings of tho. 
earth; at other times, the ground undulates like the sea. Occasionally a 
sudden upward motion is communicated to it, and when waves, advancing in 
opposite directions, cross each other, a rotary or whirling motion is produced. 
Earthquakes of the two latter kmds are the most destructive. 

The undulations vary in height from an inch or two, to several feet When 
their height is considerable very remarkable effects are produced. During 
the terrible earthquake which destroyed Calabria, in Southern Italy, in 1783, 
large tracts of land were conveyed from their original position to distances 
of more than half a mile. Humboldt mentions that, on one occasion, furni- 
ture was carried from one place and buried in another, and some persons 
were thrown across a river to a considerable height upon an opposite moun* 
tain. 

The velocity of an earthquake's wave varies, according to the substance 

QoKgnoHS.— What are earthquakes f Are earthquakes more to be apprehended than 
volcanic eraptions ? Is the ooonrrenoe of earthquakes limited to volcanic districts ? What 
is the nature of an earthquake shock? What is said of the height of the undulations f 
What of their effects ? 

* '^ A powerful earthquake,** says Mr. Darwin, **at once destroys the oldest associa- 
tions ; the world, the very emblem of all that is solid, has moved beneath our feet like a 
crust over a fluid ; one second of Ume has conveyed to the mind a strange idea of inse- 
curity, which hours of reflection would never have created.** 

*^ To man,** says Humboldt, ** the earthquake conveys an idea of some universal and un- 
limited danger. We may flee from the crater of a volcano in active eruption, or from a 
locality threatened by the approach of a lava stream; but in an earthquake, direct our 
flight whithersover we will, we still feel as though we trod upon the very focus of de- 
struction. Every sound — the faintest motion in the air— arrests our attention, and we no 
longer trust the ground on which we stand. Animals, especially dogs and swine, partici- 
pate in the same anxious disquietude : and even crocodiles, in the rivers of South America, 
which at other times are dumb, have been observed to quit the water and run, with load 
cries, into the a4)acent forests.** 
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throiigh which it is transmitted Some strata cany it much fbrther than 
others ; and hence it will be felt along a particular line of countrj, where the 
stratum is more elastic, when it is not perceived at places much nearer its 
center. On the land the velocity of the wave has been estimated at from 
40 to 140 miles per minute. Very frequently earthquakes originate in the 
bed of the ocean, and in such cases a wave is generated in the sea as well 
as the land. But the earth wave travels much faster than the ocean wave, 
and thus the destruction which the former commences on a coast the latter 
arrives to complete. The ocean wave, created by the great earthquake at 
Lisbon, in 1*755, traveled to the West Indies at the rate of about eight miles 
per minute. In 1854, a wave, caused by an earthquake in Japan, traveled 
across the Pacific to the shores of California, in about twelve hours, or at the 
rate of about 600 miles per hour. 

124. Earthquakes are generally preceded by loud, rumbling noises, and, in 
great convulsions, explosions like the discbarges of artillery have been heard. 
At other times no sound whatever has been recognized. 

125. Duration of Earthquakes.— The duration of an 
earthquake shock is seldom more than a minute ; but 
successive shocks may succeed each other at intervals for 
a much longer period. 

The great earthquakes at Lisbon, in 1*755, which destroyed 60,000 persons, 
lasted but five minutes, and the first shock (which was the worst) but five or 
six seconds. In 1812 the city of Caracas, in South America, was leveled to 
the ground by three shocks, which occurred in the space of fifty seconds. 

126. Frequency of Earthquakes. — In some countries earthquakes 
of greater or less intensity occur almost daily. At Lima, in Peru, an aver- 
age of forty- five shocks may be expected yearly; and in Chili sixty-one have 
been noted in a single year, without including the slighter ones. The most 
destructive earthquakes have occurred on islands of the Indian Archipelago, 
Southern Asia; on the west coast of South America, and in Southern Eurc^, 
in the vicinity of the Mediterranean. 

Single shocks are occasionally felt in the United States, east of the Bocky 
Mountains, but, with a few exceptions, their effects have been inconsider- 
able.* In Oregon and California earthquake shocks are not unfrequent 

QuxBTiOKS. — ^What is the yelocitf of earthquake TraTes ? Do soimda precede the occur- 
x«nce of earthquakes? What is said of the duration of earthquakes? What of their 
frequency ? In w^hat countries have the most destructire earthquakes occurred ? Are 
earthquaJces common in the territory of the United States ? 



* In 1811-12, earthquake shocks, experienced in the vicinity of New- Madrid, Missouri, 
caused the sinking of an area of country seventy-fire mQes long by thirty wide, to a depth 
of several feet. In some places the earth rose in great undulations. Lakes, tirenty 
miles in extent, were formed, while others were drained. Extensive fissures in the earth 
opened, tnm which c<dumns of water, gravel, and mud were ejected to a great height. 
New IslandB also appeared in the MississippL Some evidences of this earthquake are 
even now visible. 
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TbB total nnmlrar of eoiiliqiukM recorded, from the oranmencement ttf tka 
ninateraith century to the end of the jear 1850,< ii S,240j of this nnmbw 
flfty-three may be called ^reat earthqaaken, in which whole cities and town* 
were deatrof ed and many lives lose 

121. Remarkable Earlhquakea.— Aa iUustratlTe of the effects of 
earthquoJcea, a few remarkable ezamfdea may be ref^ored to 

The moet dreadful on« on record ia that, which in NoTember, 1155, do- 
droyad the city of Lisbon, in Fivtugal. The only wnroing the inhabitants 
I«ceived was a coiae liko Bubtormnean thunder, which, without any COB- 
Bderablo interral, was ioUowed by a iucoeiuioii of shocks, which tud in ruins 
almost every bailding in ths city, with a most incredible slaughter of the in- 
habitants (60,000). Tho bed of the rlTer Tagus ws« in many places raised to 
the Eor&cc, and Tssaela on the river suddenly found themselves ogromid. 
Pig. 72. 



The wateis of the river and the sea at first retreated, and then immediately 
rolled violently in upon the land, forming a wave over fifty feet in elevation. 
To complete the destroctiwi, a large qnay, ipon which great numbera of 
people had assembled for secm%, suddenly suok to such an unfathomable 
depth that not no much as one body ever afterwards appeared at the surface- 
Tins ^earthquake also affords the best example on record of the eitent of 
grouDd orer which some of those grest natural convulsioDa di9\]se tbem- 
selves ; — its influence being felt over nearly 4,000,000 square milea of the 
earth's surlace, and over one twelfth of its drcum&renca All the islands of 
the West Indies were agitated, and the eaa around them roae to an onusnat 
he^t; the shock was also peroepUble thronghout New England and the 
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AHantic States. In Scotland, Sweden, and N^waj the waters of lakes were 
oba^red to be in a state of commotioD, and in manj places springs tempor- 
vOj disappeared. In the kingdom of Morocco upwards of 8,000 persons 
perished. It was also noticed that Yesavius, which had shown signs of erup- 
tion previously, became tranquil at the time of this earthquake. 

An earthquake which occurred in Oalabria, Souther^ Italy, in 1*783, was 
<Hily equaled by that of Lisbon. It did not, however, extend like the latter, 
oyer so great an area of country, but the efifects produced witiiin a limited 
gjpaoe were greater. Its duration was only two minutes, during which time 
it destroyed all the towns and villages within a circuit of twenty-two miles, 
and, directly or indirectly, the lives of about 100,000 of the inhabitants.* 
One singnlar phenomenon attending this earthquake was the formation, in the 
earth, of singular cavities, a Tew feet in diameter, and in the form of an in- 
verted cone, through whidi a jet of water spouted. (See Fig. 72.) 

A terrible earthquake also occurred in the kingdom of Naples, in Decem- 
ber, 1867, by which upward of 20,000 persons were destroyed in the space 
ofai&wseeond8.f 

128. Theory of Earthquakcsi — ^An examination of a great number 
of earthquakes seems to establish the fact that these convulsions occur more 
frequently during the winter half of the year than during the summer half; 
and that there is also a preponderance of shocks at the equinoxes and the 
summer solstice. Earthquake action also appears to be the greatest when 
the height of the column of mercury in the barometer is least (i c, when the 
atmospheric pressure is least), and when its range of oscillation is greatest — 
thus indicating that a variation in the pressure of the atmosphere may have 
some connection with the phenomenon. 

M. Perrey, of France, who has tabulated about 7,000 earthquakes, inclines 
to the following theory respecting their origin : Starting with the supposition 
that the interior of the earth is in a liquid or melted state, surrounded with a 
comparatively thin crust ; then the interior mass, being deprived of solidity, 
would be compelled to jioid, like the superficial mass of the ocean waters to 
the attractive influence of the sun and moon, and acquire a tendency to swell 

QnzBTiONB. — ^Describe tbe effects of some of the aiost remarkable earthqaakes. What 
facts seem to be established respecting the oocnrreoce of earthqaakes? What theorj 
has been proposed hj M. Perrey, of France ? 



* Tbe peninsnla of Galabiia, irhere tUs eardhqnake occtrnred, forms the sonthem cz- 
toemity of Italy, and is a5ont sixty mfles in length by aboot twenty in breadth. Throngh 
tile eenter of like peninsHla mns a chain of granhe mountains, which is separated from 
the sea on its westers side by a plain of recent strata, composed of very yidlding materbtl. 
The effect of the earihqaake was to disconnect, throughout almost the whole length of 
Chia chain, the new from the ancient rock, leaving a chasm between them. One half 
of the peaimnila, therefore, actually slid in the direcdon of the sea ; and from this fact 
idone the change and destruction consequent may be inferred. 

t It a:ppeMn from reliable data that the kingdom of NaplM, in tho course of seTtn^. 
fire years, or from 1783 to 1S59, has lost, by earthquake agencies, at least 110,000 in- 
habitants, or more than 1,500 per year, out of an average population of fi»O0O,O0a. 
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out in the direction of the rajs of these two bodies. This tendency, meeting 
"with resistanoe fit>ni tiie rigidity of the solid cfosi^ would occasion shocks 
and fractures in the latter. This theory is, however, opposed, firstf on the 
ground that if tidal moyements do take place in the interior of the earth their 
influence would be not only insignificant as compared with the total mass 
of the earth, but ^ within the elastic limits of the earth's materials ; and, 
secondly, that the existence of a fluid interior to the earth is but an hypothesis. 

On the other hand, no satisfactoiy hypothesis, explanatory of earthquake 
phenomena, has thus far been presented by any geologist who rejects the 
"internal heat theory."* 

But whatever may be the ultimate cause of earthquakes and volcanoes, 
the supposition that they have a common origin is sustained by a great variety 
of evidence. Thus, it is said to be the general opinion at Naples and in 
SicUy, that earthquakes are not to be dreaded so long as smoke escapes 
freely from the craters of Vesuvius and Etna. The same feeling also prevails 
in the volcanic district of South America. It is stated by Humboldt that the 
volcano of Paste, in South America, which for many months had uninterrupt- 
edly emitted a column of thick smoke, ceased to do so at the very moment 
that the province of Quito, 192 miles to the south, was convulsed by an 
earthquake. At the same hour that the town of Concepcion, in Chili, was 
destroyed by an earthquake, in 1835, a whole line of volcanoes, situated in 
the Andes, in the vicinity, instantaneously spouted out a dark column of 
smoke ; and during the time that these eruptions lasted (all the subsequent 
year), the immediate neighborhood was- entirely free from earthquakes. 

129. Thermal Springs. — The phenomena of thermal 
springs are attributed to the same igneous agency as vol- 
canoes and earthquakes. 

Hot springs are found most commonly in the vicinity of volcanoes ; but 
they also occur in countries which at present afford no evidence of volcanic 

Quxsnoxs. — What circumstanoes lead to the opinion that earthquakes and yolcanoes 
hare a common origin ? To irhat are the phenomena of thermal springs attributed ? 
Where do hot springs occur ? 



* Mr. Mallet, of Eng^d, irho has made the study of earthquakes a specialty, and who 
entirely rejects the supposition that the interior of the earth is in a state of igneous fluid- 
ity, after noticing the circumstance, that the magnetism of the earth is in some iray 
connected with the phenomena of spots upon the disc of the sun, says: ** We find, then, 
that both sun and moon influence, with other and more occult forces than those which 
address sense and eye, our planet, and that these all incessantiy modify the conditiottt 
and relations of erery grain of matter in the inmost recesses of its nucleus. While ereiy 
cosmical force is also found to be correlated to every other, all mutually conrertible, and 
caimble of appearing and disappearing, * by measure, number, and weight,^ as mere brute 
power or mechanical force, it is not too much, at least, to affirm the advancing probability 
that a distinctiy (though irregularly) i>eriodic phenomenon, such as earthquakes, wiU bo 
found intimately related to them, possibly with no very long or intricate intermediate 
chain of causation.^* A similar theory has also been recentiy advocated by Dr. C. F. 
Winslow, of Boston, Mass. 
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activity. The majority of them, however, rise from rocks of a volcanic 
nature, firom moimtain chains, or fix>m points of disruption in strata. But 
"wherever their location^ it requires no demonstration to prove that hoiling 
water, continually issuing from the earth, must come from a depth where 
boiling heiat continually exists. It is, furthermore, strong evidence of the 
connection between hot springs and volcanic phenomena, that earthquakes 
and volcanic eruptions are known to have afifected the temperature of such 
springs. Thus, after the occurrence of an earthquake in the north of Spain, 
the temperature of a celebrated hot spring in the Pyrenees, was so much .re- 
duced as to be no longer of any value. In the year of the great earthquake 
at Lisbon, another spring among the Pyrenees rose 75° in temperature. 

Hot springs are of all degrees of temperature, between that of the sur- 
rounding air and boiling water. They (with few exceptions) discharge at 
all times the same quantity of water, and their temperature remains con- 
stant There is evidence to show that the temperature of some hot springs 
has not diminished during the last thousand years. The waters of thermal 
spriogs are frequently so charged with gases and mineral substances that 
they are termed " mineral waters ;" as, for example, the Sulphur Springs of 
Virginia, of Bath in England, and Baden in Germany. 

In the United States the most remarkable hot springs occur in Vii^Ia, 
Arkansas, Oregon, California, and Territory of Utah. In Arkansas, upward 
of seventy have been enumerated, which range in temperature from 118® to 
U80 Fahrenheit. 

. Those of the Napa Valley, California, discovered in 1851, are thus described 
by Pro£ Forrest Shepherd: "Within the space of a half mile square are 
from one to two hundred openings, through which the steam issues with 
violence, sending up colunms of dense vapor to the height of 150 to 200 feet 
The roar of the largest of these can be heard for a mile or more. Many of 
the openings work spasmodically, precisely like high-pressure engines, throw- 
ing out occasional jets of steam or volumes of hot, scalding water, some 
twenty or thirty feet high, endangering the lives of those who rashly venture 
too near. Numerous cones are formed by the accumulation of various mineral 
salts, and by deposits of sulphur crystals with eafthy matter. Frequently 
the streams of boiling water mount up to the top of these cones with violent 
ebullition, giving to the cones an appearance of being immense boiling cal- 
drons." 

Of all hot springs, those of Iceland, known as th^ " Geysers" (raging foun- 
tains) are the most celebrated. They occur in a group of one hundred or 
more, in the vicinity of Mt Hecla The largest, termed the " Great Geyser," 
consists of a nearly circular basin, fifty feet in diameter, and about four feet 
deep. In the center is a well or tube, eight or ten feet in diameter, and 
seventy-five feet in perpendicular depth. Through this tube hot water, hold- 

QuzsnoKB. — ^l8 there any evidence that hot springs are connected with the agencies 
tiiat ooeaalon -rolcanoes and earthqoalces ? Are hot springs found in the territories of the 
United States? Enoiaerate some of them ? What are the most celebrated examples of 

lM>t VptiSkg^i 
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ing aCica in Bolufion, Is contantull;' bubblEng orer Into tfco basin, depositing 
EilieioQs muter at the bottom and round the cavity. When iho basin ia full, 
BnblerTBneBQ exfdoaiana, like the Griog of distant cannon, ore hoard nt inter- 
vals of some hoars, sccompanied vrith & trMnulous moUon dt the ground. 
Louder csploaona Bincceod ; Ibo water becomes ogitatod ; sleam escapes in 
large quantities, and, finalir, a cotunin of Ixiiling water is thronn up with 

QimTrov. — d«ikt>1h the tcttoTi vt Iho Qtjaett. 



IGNEOUS A6EK0IES. 131 

greet violenoe to the height of one or two hundred feet After the water 
ceases to plaj, a column of steam, rushing up with amazing force and deaf- 
ening explosion, terminates the eruption. Fig. 73 represents the Great 
Gkyser of Iceland in action. 

130. Modifications of the Earth's Surface prodneed 
throngh Igneous Agencies, — ^Earthquakes and volcanoes 
are powerful agents in producing modifications of the 
earth's surface. 

During the earthquake in Chili, in 1822, the coast of South America^ for 
upward of a hundred miles, was eleyated from two to seven feet; while the 
whole area of territoiy permanently uplifted at the same time, was estimated 
at 100,000 square miles— an extent of country equal to one half the area of 
France, or about five-sixths of the area of the whole of Great Britain.* 

In 1819, during an earthquake, near the mouth of the Indus, a tract of 
land, 2,000 square miles in area, was permanently depressed and converted 
into an inland sea ; while another portion of country, fifty miles in lengtii 
and several miles in width, was elevated at the same time to a nearly imi- 
form height of ten feet. In 1692 the harbor and part of the town of Port 
Boyal, in Jamaica, suddenly sunk, during an earthquake, to a depth of nearly 
fifty feet Numerous other examples of a likb character, occurring within 
the historic period, might also be cited. 

131. Gradual Elevations and Depressions.— Another 
aj^arent manifestation of subterranean igneous agency is 
lie gradual elevation or depression of portions of the 
earth's surface. 

One of the most interesting local examples of tliis action is afforded by the 
remains of the temple of Jupiter Serapis, which was built on the shore of the 
Mediterranean, near Naples, about eighteen hundred years ago. Its ruins 
remained unnoticed until 1849, at which time three columns were discovered 
projecting a little above the sur&ce of the ground, which, when excavated, 
were found to be composed of single blocks of marble forty feet high, resting 
Upon a pavement or platform. (See Fig. 74.) The surfeces of these columns 
toe smooth and uninjured, to an elevation of about twelve feet fix)m the 
t)ede8tal, where a band of perforations, made by a species of marine boring 
shell {Liihodomos)y inhabiting the Mediterranean, commences and extends 

QnnTiON8.'What inflaenoe hare earthquakes and yolcanoei in modifying the earth*! 
Borface 1 Oire some examples. Do elevations and depressions of the earth*s sorfiMe 
take plaee gradually ? What is a remarkable local example ? 

* **If we suppose the deration to have been only three feet on an average over tUs 
extent of territory, the mass of rock added to the continent of Amerioa by this earth- 
qnake, or, in other words, the mass of rock previonsly bel^ the level of the sea, and 
ftftenrard permanentiy abore it, mnst have been eqnal to fifty-seven cable miles in bulk, 
which would bo sufficient to form a conical mounta^ two ndlei high, with a dicomfer* 
«Bee at the base of nearly thirty-three miles.**— ^Lyett. 

6 



122 FIBST PBIN01PLB8 OF aBOLOQT. 

to the beigbt of nine fbot, abore whkdi all traces of tb^ ravBgos ditnppear. 
ntese perforations, maoy of whicU gtUl coAtaia sbeUs, are ao aumerous aod 
Pig_ I; j deep as to render it cert^ that the 

pOlan were immersed in sea water 
at a time when their baae and lower 
portions were protected by rubbish 
and aedimeiit, and that the upper 
portions at the same time projected 
above the water, and were, cooee- 
qneotlj, placed bejond the reach 
ottheUthodomi. The platfono or 
tbe temple is now about one foot 
below b^h wal«i mark, sad the 
' sea is 120 feet distant. The eri- 
dence, therefore, is eoocluaiTe that 
; the colamns were first depreaed, 
and after remaimng partially sub- 
merged in the sea fbr a coosider- 
able period were ^aio elevated; 
tbus incontcstably previnj* Ibat the 
relative level oC land and sea ia 
tbat part of tie Mediterranean coaaj 
bas changed more than ouce during 
Ibe Christian era ; and that each 
movemeat of Bul>8idence and elevatioD, exceeding twenty feet, took place 
•0 gradually that the columns continued to maint^n their upright position. 
At tbe present time the columns appear to be again EUbsiding, and a change 
in their position has been recognized within the last few yenrs. The conn- 
try in their immediate vicinity eiiiibita markaii evidence of volcanic octivi^. 
A gradual diaogo in the relative level of land and sea 
has also been noticed on an extensive Bcale in icgions not 
subject to the action of volcanoes and earthquakes. 

Tbus, in Sweden, for exninpla, a line traveraea the aoutbern part of tbat 
kingdom from tbe Baltic to tbe Cattegat, to tbe nori:h of whicb, even as Sir 
aa the North Capo of Europe, there is evidence scarcely disputable that the 
land is gradually rising at the average rate of nearly four feet in a century; 
whiles to tbe south of this line, there are smUar proofs of a slow aobsidenoe*. 
■a ind dapreuloa of bud now giiiim on In 



• The pidul elevktlon of tb* imrtliBrTi pmtlom o( 8irsa«n «n* Norway Is prorod by 
«1>iamtloni of insrkB sol In tha rocki (long the H-couti wkt ■!» by Uib Cut Ibal 
Bumanubsdiaf ■h«n>,otlbefu»apcdau tbOM mv InluMtlne tbe Biltdo. taeeOwr 
with nwki BovflTfld with banufllca, ar« foand at eUvattoni of tnaa IDO to SOD feet abova 
tbt pn*gnt lablBnl. The lobddBDsa of tho cout of •ontbern Smdon la •]» Indlcmtad 
bj tho ciRuaUaiue tJut tho Mr^ota of anolADt Bea]^rt toTU aro nov. In nino Infltane^ 
otrrerad vlUi wMar j and alio bf tho rocord of nMUoromooU nudo during tbabut eentur;. 
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On fhe other hand, the entire western coast of Greenland has, for the last 
two centories, been gradoally sinking^ and the locations of the early European 
settlements are now entirelj or in part snbmerged. 

Evidence has also been collected, showing, beyond all question, that the 
eastern coast of South America, from the Rio de la Plata to the Straits of Ma- 
gellan, a distance of 1,200 miles^ has been raised in the most quiet manner, 
and within a comparatiYely recent period, to an eleyatton of Gcpm 100 to 
140 "feet in height; and that over wide areas of the Pacific and Indian 
oceans a part of the islands are at present rising while others are slowly 
snbsiding. 

Evidences of similar changes may also be observed in 
various parts of the United States. 

At Lubec, on the northern coast ^^ Maine, bamades (a species of vmarine 
shell) are found attached to rocks which arc at present eighteen feet above 
high water. Beds of day, sand, and gravel, containing numerous speeies of 
shells, now living upon the Atlantic coast, and presenting other evidence of 
bemg andent sea-bottoms, are found in many localities in our country at 
. heights varying from fifty to nearly 600 feet above the present sea-level: as 
at Montreal, 540 feet high ; in the valley oTLake Champlain, 400 foet; and 
near Quebec, 200 feet 

The evidence of subsidence in other localities is almost equally striking. 
Thus, most persons at all familiar with shore life, must have observed at 
different points on the Atlantic coast the remains of logs, stumps, and roots 
sabmerged bdow the present tide level. These are generally regarded as 
the remains of trees, torn from their original places of growth by currents or 
by the wearing away of the shores, and deposited where they are found by 
the ordinary action of water. To any one who examines them carefully, 
however, it soon becomes evident that they grew upon the spots where they 
now are ; inasmuch as their stumps remain upright, their roots are still ^t 
in the earth, and in many ca^s the bark and small roots are still adherent 
In protected situations upon the low, sloping shores of New Jersey and 
Long Island, areas embradng thousands of acres can be found, in whidi the 
bottoms of bays and marshes are as thickly set with the stumps of trees as 
the ground of any living forest It is also stated by Br. Emmons, Superin- 
tendent of the Geological Survey of North Carolina, that the bottoms of the 
sounds on that coast are everywhere so thickly studded with stumps of the 
common pine of the mainland, that it is necessary to remove them by gun- 
powder before a net can be drawn for fishing. 

These and a multitude of other similar facts render it certain, that large 
portions of the solid crust of the globe, whether land or sea-bottom, are in a 
state of constant fluctuation as regards level. To such movements as these^ 

Qxmnoxrs. — ^What of the depresdon of Greenland ? What of flnetoatlonB of the earth*s 
eruit in Booth America and the Pacific? What evidence is there that timilar ehangea 
have ooeorred in the United States f What is said of the ezistenee of submarine forests 
«a the AtUatic ooastr What inference may we draw firom these examples f 
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mcinover^ acting 4n times pAst, geologies ftsoribe tke elevation of the wlioie 
of the "preBBoi land-sorfisuie of the globe above the waters of the oceao. We 
say the whole of our present land-sorfaoe, beoaoae by fiur the greater portion 
of thO'dry land is now oovered by, or ouute up oi, rocks which must bavo 
been fixned and consolidated on the bottom of the ocean ; and of the re- 
mainder, where igneous rocks now prevail at the sur&ce, we have every rea- 
son to believe that the greater part at least, if not the whole, was once 
oovered by rocks of aqueous origin. 

To suidi gradually acti]% foroea we must ascribe not merely the elevation 
of all land, but also those diversities of the earth's sur&ce which have resulted 
from imequal elevation, such as mountain-ranges, table-lands, valleys, and 
the depressions of the ocean, with many of the disturbances, fractures, and 
contortions of rock strata, which have been already notieed.* 

Nor is the configuration and extent of the terrestrial sur&oe alone afifected 
bysudi movements; inasmuch as the generic distribution of animftls and 
plants is governed in a great measure by altitude above the sea; and one 
may readily perceive, therefore, how gradual elevations of the land must 
also gradually change the character and distribution of the life upon its sur- 
£ice. As the sea-bottdm, moreover, will also partake of the same fluctuaticms 
as the land, marine life^ which is known to be more sensitive to physical 
changes than terrestrial, must also be sensibly influenced. Recent scientific 
investigations have shown that the sea-bottom, from the shore dafly covered 
by the tides to the greatest depths to which life and organization eztepd, is 
divided into zones, each c^ which is diaracterized by its own peculiar sea- 
weed or shell-fish ; and any derangement of these zones, therefore, whether 
sudden or gradual, must necessarily be fc^owed by changes in their types of 
animal and vegett^il^le life, and possibly by the extinction of whole races or 
femilies. 

As to the cause of sudi fluctuation in the crust of tiie earth, gedogists 
have not been able to furnish any entirely satis&ctory explanation. Earth- 
quakes have, in some instances, affected the level of limited districts ; but 
this agency, when applied to the elevation of whole continents, seems alto- 
gether inadequate. !nie theory most generally fhvored is, tiiat an explanation 
of the phenomenon in question is to be found in fluctuations of temperature 
in the heated interior of the earth. Thus, great accessions of hea(^ rising 

Qtmrno^8.~-Vnuit has prolMbly been the eonditton of the greater portion of tiie earth** 
■nrliMe during aome former period 7 What effect hare gradual upridngs had upon the 
configuration of the earth'i surface ? What effect hare such moTementa upon animal 
and T^etahle life upon the earth? What has been ascertained in regard to the distri- 
bution of marine life ? What causes hare been assigped for fluctuations of the earth's 
crust? 



* The existenoe, in almost all quarters of the globe, of andent sea-beaohes, or coast- 
lines, at fieraMoM yarTing from ten to several hundred feet abore the present sea-level, 
aflfords ns some indications of the extent of the changes which have been produced in 
the appearance and condition of the earth*s surface by elevationB within a comporatiTely 
recent period. 
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neirer ihe snriSMe in one part tiian anoilier, wookl otuse expmgion of the 
Todcs affected by it in erery direction, and produce im outward bulging or 
eleyatiOD of the rocks, accompanied, it may be^ by injection of molten matter 
among them : \diile, on the other, hand, local refrigeration would tend to 
produce shrinkage and contraction of the rocks, and, consequently, depression. 
Experiments made some years since, by oflicers of the Tbpogn4)hical Corps 
of IT. S. Engineers, on the expansion of various rocks by heat, fumistol 
data which proyed, that if a mass of sandstone, a mile in thickness, should 
have its temperature raised 200^' F., it would expand sufficiently to lift almost 
any amount of super-imposed rock ten feet above its former leveL It would 
also appear that if a part of the earth's crust, 100 miles in tidckness, and 
equally expansifaio, w^e to have its temperature raised 600^ or 800^, it 
would probacy produce an ekvatiiMi of between two and three thousand 
feet^ while the cooling of the same mass, subsequently, mi^t cause the up- 
lifted material to sink down agiun and resume its original position. In such 
an agency, therefore, we can find a plausible explanation of the gradual rise 
of land in Sweden, or South America, or the subsidence of Greenland, or of 
the bottom of the Pacific Ocean. 

132. Speeulationi eoneerning the Original Centfitioi 
and Formatioa of onr Globe.— The theory of central heat, 
BO generally adopted, extends no further back than the 
time when the whole globe was assumed to be in a state 
of. complete fusion and incandescence. The mind, how- 
ev^, not willingly accepting any limit to its speculations, 
naturally seeks to know the origin of this vfest accumula- 
tion of heat, or what was the condition of the matter con- 
stituting our planet at the comm^icement. In prosecuting 
the inquiry, the geologist finds littie to assist him in the 
truths which belong especially to his own science, but must 
enter into the departments of astronomy and chemistry. 

133. Heholar fiypethesis. — ^Modern science presents us with only 
one hypothesis which in a consistent and salas&ctory manner attempts to 
reveal to us the condition of matter in what may be caUed the be^ai^Bg. 
The outlines of this theory, and the evidence upon wMcdi it is based, may be 
briefly stated as follows: 

Our solar system, of which the earth is a member, viewed superficially, 
presets to us the idea of a vast luminous body — the sun, ocoupyiagr a central 

position, with a number of smaller, though vaik>us-siBed bodies revolving at 

- - - II ■ . 

QuiBTioirs.— What experiments hare been made on the expansion of rocks by heatf 
To vhat extent does the theory of central heat extend ? Does geolofy fiimish in itself 
any erldenee of the earliest condition of matter f 
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different distances about H; some of which, in turn, have smaller planets or 
satellites revolving 'abo^t them. A closer examination, however, makes us 
acquainted with some very singular peculiarities in the structure of this so- 
called "solar system." Thus, in the first place, it is a very singular fact that 
the orbits of the planets are all nearly circular, and that their planes are 
nearly coincident with (or in the same line with) the plane of the sun's equa- 
tor. 

Next, it is not less remarkable that the motions of the planets around the 
sun, and the satellites around the planets, and finally, that the motions of all- 
sun, planets, and satellites — around their axes, should be only in one direc- 
tion, viz., from west to east ; that the periods of revolution grow shorter in 
the planets and -satellites as their distances from their primary grow less: 
that the sun rotates on its axis in a shorter period than that employed in the 
revolution of any planet; and that every planet, accompanied by sat^ites^ 
rotates on its axis in a less time than the period of revolution of any satellite. 
These peculiarities suggested to Laplace-— t^e eminent French astronomer and 
mathematician — the idea that all the matter of the solar system was once a 
connected mass, endowed with a uniform motion in one direction. He fhr- 
ther showed, that while this hypothesis and its deductions explained fully 
the peculiarities noticed, they were not accounted for by any other supposi- 
tion ; and also, that had the existing arrangement of the solar system been 
left to accident, the chances against the occurrence of the present organiza- 
tion would have been as four millions of millions to one. 

Coincident with these investigations was the discovery, by astronomers, of 
the existence, in space, &r removed from our system, of an immense number 
ci objects, which, from their foggy, cloudy appearance have been called 
nebute; — some of vast extent and irregular outline, as that in the Sword of 
Orion, which is visible to the naked eye ; others of shape more defined and 
regular; and others again in which small, bright nuclei, apparently con- 
densed points, appear here and there over the surface. Ascending higher 
as it were in the scale of progress, we have next clusters of nuclei, with 
nebulous matter around them; and then what are called "nebulous stars,'' 
or luminous spherical objects— bright in the center and dull toward the 
extremities^-existing, however, in every stage of concentration, from stars 
with ill-defined centers, to stars invested with pnlya slight, burr or hazi- 
ness. The figures in plate "75 represent some of these various forms of 
nebulae, as seen through a telescope. 

Upcm these facts, mainly, has been built up the so-called " nebular hypothe- 
sis" which supposes that the various appearances we have described, represent 
the various conditions which suns, systems, and worlds pass through in their 
progress of formation ; the cloudy nebulse, representing matter in its original 
chaotic condition ; the defined nebulae, the first stage of condensation ; and 
nucleated nebulae, and the succession of nucleated stars, the more advanced 

QUS8TIOX8.— Yieired superfldallj, vhat peculiarities are found in the structure of .the 
solar system ? What idea was suggested to Laplace by these peculiarities ? What prob- 
ability is there that they could have originated through accident ? 
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and Html stages; — just as a t^ijd, a boy, a joatli, a middle-nged, and an old 
iDSD, indicate the successive periods in the lifu ufa liumuii being.* 

But whatever maj be the phjaical coodition of tlie nebultc, tha main ieft- 

turea of the theory of Lt^lace curiously accord witb Uiu antecedeot condiliOD 

of our ostein as deduced Inxa ila present pecuUarities; Mtd it fs acoordin^ 

FI0.T6. 



inferred Uiat, in the "bq^ning," onr solar system was ao immense spbetft 
cf nebulous matter, filling all tlie space now occupied bj the syatooi; and ex- 
tending even to a point for beyond the limits of the orbit oi Neptune — « 
planet whose average distance fmni the sun is about three billious of mileB.f 



■ I> bu bam urgsd of Uts ttuttht reMlnHon orminjorib* Babuls, naaalfagpoTcr- 
fol UlcacDpa of Lord Booa, loto AUr«, or, la olber vordi, tba prorln^ tbat tb« mlstjr 

men; ujd Iha b«M uthoritJea kre now ngrfled, that evm ir jill Ilia neboliB wvn reflnlrBd 
(vUeh, u Tst, !• rerj fkr froin betD; Ibe cue) tbe nmlnlng sridaH* Id fimr of Iba bj- 
n intoBtTDTarable. 

Kg tbe prennt man and TdEfat of tho nin, planaU. and uteUltaa, 
n bBM iniG ta alsolata Ibe Client of eiptcilaii ta whicMbB!r materisl partlctti 
ra baao mhJeoHid in order lo Bll op, nnifDnnly. thl. unormoua ipua, ud It bu 
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AflEfaming the existence of sach a nebula in the first instance, the general 
attractive force resident in all matter would graduallj cause its particles to 
approach eadi other, and thus, from the outset, the nebulous sphere must 
have commenced condensing and contracting. "It is, moreover, a well-known 
law of physics, that when flaid matter ^;aseous or liquid) collects toward, or 
meets in a center, it establishes rotary motion. Every-day illustrations of 
this law naay be seen in the whirlpool or whirlwind, or, to use a more hum- 
ble illustration, in water sinking through the aperture of a funneL Thus, 
rotation on an axis would commence, at first slow, but become quicker 
and quicker as the condensation increased." With the establishment of rotary 
motion, a tendency in the mass to throw off its outer portions would be gene- 
rated, in consequence of the centrifugal force overpowering the central attrac- 
tion ; and it is accordingly supposed that masses of matter were, in £act, from 
time to time, torn away firom the nebulous sphere, which detached portions 
afterward continued their courses separate from the main mass, but preserv- 
ing a similar direction in their motion. Such detached masses, abandoned 
successively at different stages of the condensation, formed themselves into 
single planetS) or like to the great original sphere, into planets with satel- 
lites and rings, until, finally, the principal mass condensed itself into the son, 
which still occupies its ori^;inal position as the oente)r of the system, and aa 
the largest body. 

Simultaneously with the commencement of condensation in the nebulous 
matter, the force heai must have manifested itself since it is a general 
law in physics that the condensation or compres^on of all matter, under all 
circumstances, evolves heat,* and as condensation and refrigeration further 
progressed, by the radiation of heat into space, other forces — ^as chemical 
affinity, cohesion, etc., — must liave exerted an influence, until^ at last, the 
constituent materials of our earth and the other planetary bodies, passed 
from a gaseous to a fluid or solid condition, and assumed their present forms 
and properties. 

134. gfuch is a general outline of the only consistent and plausible theory 
by which modem science attempts to trace back the history of the formation 
of our earth, the sun, and its associate planets. It may also be remarked, 
that the suppositions of Ecience involved in the nebular hypothesis are not 
antagonistic to the Mosaic account of creation. This will appear evident, if 
we remember that that which Moses names heaven is different fix)m the blue 

QuEStiOKB. — A mminlTig fhe esdstenoe of sneh a nebnla, what changes would probably 
take place in it? In whaJ^ i^aoner iraa the solar system saj^osed to have been formed? 
What develoinnmit of force mostliaye accompanied condensation ? Is the nehnlar theory 
antagonistic to the Mosaic acooants of creation ? 



been fonnd that the density of this hyi>othetical nebula must have been so small that all 
the matter in<daded within three cnUc miles would have wdli^ied less than a sh^^ grsin. 
Incredible as this statement may seem, there is some eridoice tending to show that the 
matter constitating .some comets exists in an equal state of tenuity.^tSss JSabinefa Re- 
Meareheg m the Density ixnd JfoM 0/ C(met9;^^nnual </ SoUnt^fic Discovery for 1869, 
pp, 861-864. 
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dome abovo us, and isr synonyraont^ with space; that the unfonned earth was 
in a state of chaos and darkness, and that the separation of tiie waters of the 
great deep — ^which were afterward divided into waters aboye the firmament 
and waters below the firmament — resembles the process of condensation and 
consolidation hy which the chaotio elements of the earth assumed form and 
arrangement. 

Hie acceptance of this theory, moreover, oan In no wise affect the inference 
that the miiveree is the work of a wise and omnipotent Creator. " Let it be 
assumed," sajs Dr. Whewell, " that the point to which it leads nsr is the 
ultimate boundary of physical science; that tiie fhrthest glimp0e we can 
ohttan of the material universe shows it to be occupied by a boundless 
abyss of attenuated, sdf-luminota matter (t. e., the nebulse); still we are left 
to inquire how space came to be thus occupied; and how matter came to be 
thus luminous; and if we establish, by physical proo&, that the first &ct 
Wiiich we trace in the histoiy of the universe is, *that there was light,* we 
shall still be led, even by our natural reason, to suppose that before this could 
occur * God said. Let there be light* " 

In addition to the support which the nebular hypothesis 
derives from the structural peculiarities of the solar sys- 
tem, and from the apparent condition of the nebulous 
"bodies existing in space," various other facts strongly con- 
tribute to render its suppositions probable. 

Thus, the substance of comets appears to be a kind of luminous matter, 
attenuated to a degree almost beyond conception — ^matter, possibly, in the 
condition of xmcondensed neb'uIsB. According to M. Babinet's observations 
on the comet of Encke, and that of 1825, the density of the substance of these 
bodies could not be calculated at so high a quantity as that of our atmos- 
phere, diminished by the enormous divisor, forty-five millions of billions. W9 
may, therefore, regard it as certain, that bodies of a nebulous character still 
form a part of the solar system. 

Again, it is found that the planets comprising the solar system exhibit 
gradations of density, those nearest the sun (which, by the nebular hypothesis, 
must have been thrown off last, and after the process of condensation had 
long continued) being much denser than those which are more distant ; thua^ 
Mercury, which is the nearest to the sun, the center, is the heaviest, being 
almoBt thrioe as dense as ^e earth; while the density of Jupiter, which is 
fiir removed, is not more than one-third that of our planet; and Saturn, 
whidi is still mcxre remote, is but little more than one-eighth as dease^ or 
about as light as cork. "^ 

The spheroidal form which the earth now presents (see § 6., p. 11)— en- 

Qonnom.— Hare we any evidence that matter analogous to the nebnle still tonnM 
pari of the aoiar tystemf Does th« dendty of ttte sererAl planets aoeord with the 
nebular hjpoilMalsf 

6* 
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larged at the equator and flattened at the poles — is also preciselj that whidi 
would necessarily arise from the rotation of a globular mass of yielding^ ma- 
terials on its own axis. The same peculiarity of structure, moreover, is 
found in all the other planets; and in the planet Jupiter is especially mani- 
fest—its equatorial diameter exceeding the polar by more than six thousand 
miles. But if the earth and the other planets were originally fluid, the fluid- 
ity must have been the result of igneous action ; for since the solid matter of 
the globe is many times heavier than water, the solution of its mineral 
oonstituenta In such a solvent would be impossible. 

135. To a mind unaccustomed to scientific inquiry, the proposition that 
our planet once existed in a gaseous state may seem somewhat difficult of 
conception; but this difficulty will seem less formidable, if we remember that 
at least one-half of all the ponderable matter of the globe, so &r as it has 
been subjected to our examination, is made up of elements — oxygen, hydro- 
gen, nitrogen, etc., which readily assume, or may be said to exist naturally, — 
in a gaseous condition ; while the remaim'ng more solid forms of matter may 
all be vaporized through the agency of heat 

Furthermore, the transition of the constituents of the earth, according to 
the nebular hypothesis, from a state of gas or vapor to a fluid or solid con* 
dition, furnishes in itself a ready explanation of the origui of the heat which 
is supposed to have formerly pervaded the whole mass of our planet, and 
which now appears to exist in its interior ; inasmuch as a degree of heat suf- 
ficient to meet all tbo requirements o& the case would be evolved by the act 
(^condensation. It is also a fact worthy of note, that the sun, according to 
the generally received theory, is even now in a state of igneous fusion, or in 
such a condition of intense heat as the earth is supposed to have been, after 
condensing from a gaseous to a fluid condition.^ 

It will thus be seen that the hypothesis of a nebulous origin of our planet 
contains within itself all the conditions requisite for the succeeding changes 
to which it appears to have been subjected; it being considered that the 
globe flrst passed from a gaseous to a fluid condition, and that, subsequently, 
as the varied processes of condensation, refiigeration (through radiation of 
heat), and rotation proceeded, a thin crust cooled and solidified upon the 

QuBSTiOKS. — ^What inference lias been deduced from the spheroidal form of the earth? 
Is there anjUiing in the constitution of terrestrial matter that renders its existence in a 
gaseoos sti^ impoadble ? Does the nebular hTpotheds afford any explanation of the in- 
ternal heat of the earth. What is the theoretfeal oondition of the sun at present? As- 
suming the neboloiiB origin of oar planet, what have been the soooession of changes to 
which it has been suttjetrted? 



* Aceording to Mr. Helmholts, a German physicist, it has been calculated that, if the sdh 
irere diminished by condensation to the extent of only one ten-thousandth of its present 
diameter, snffioient heat would be generated by the act to compensate for the total emis- 
sion for 2,100 years. But, according to measurements of the French physicist, PooU^ 
the qnamtlty of beat emitted from the entire surface of the sun, per haur^ is equal to that 
which a layer of the densest coal, ten feet thick, extending over its whole surfaoe, would 
ffi.r9 out by Its combustion. 



IGNEOUS AGENCIES. 131 

molten fluid sor&ce.* As the temperature of the exterior still farther dimia- 
ished, this crust thickened ; the existence of air and water became possible 
upon it; contraction, involving both subsidence and elevation of parts of the 
crust, gave configuration to the surface and established the divisions of land 
and water; and, finally, as. the conditions became &vorable, the first forms 
of animal and vegetable life were called into existenoe by the Creator, and 
the world became the home of living, organized structures. It is at this 
point that geology, leaving the domain of theory and speculation, commences 
to gather &ct8 and reliable evidence concerning terrestrial phenomena^ and 
becomes entitled to rank, in a measure, with the exact sciences ; and it la 
firom this point also that the history and chronology of the stratified or aque- 
ous rocks admit of determination. 

136. Geology of other Worlds* — As has been ah*eady stated, the 
other planets and sateUites, belonging to the solar system, appear to have 
been formed by the same agencies as the earth. There is also good reason 
to believe that they are composed of essentially the saine materials. Thus, 
the masses of earthy or metallic matter, known as meteorites, which fixmi 
time to time fall to the earth through the atmosphere, and are now generally 
believed to have been derived from some one of the planetary bodies, con- 
tain no elementary substances before unknown to us, although the conditiomi 
of their combination are somewhat unusual, f 

The planets which most nearly resemble our earth in physical conditioa 
are probably Yenus and Mars. Upon the sur&ce of both of these, mountain 
peaks and ranges are believed to exist ; while upon the surface of the latter 
astronomers have &ncied they could recognize the presence of an atmos- 
phere, as well as the existence of seas and the outline of continents. 

Concerning the physical condition of the moon, the nearest of the heavenly 
bodies^ we have more definite information, and as the result of telescopio Iih 
vestigation we are enabled to affirm, with 'ahnost entire certainty, that our. 
satellite has been the theater of most intense volcanic action. Its sm^se, in 

QluxsnoifB. — What information do we possess respecting the geQlog7of otheEforldtt 
What planets probably most resemble onr earth ? 



* Awmmtng that the earth was once entirely in a state of igneoos fluidity, the cooling 
and solidification of its exterior mast have been exceedingly gradua^ $X first, wid stttl 
dower after the formation of a crust, owing to the slown^ with which earthy materials 
conduct heat And if the residuum of this heat, fuirlbheisnere, now perrades the central 
portions of the earth, it has most probably reached a fixed point in temperature, at which 
it will remain forever, as the thickness and non-conducting properties of the present cixu^ 
would seem to absolutely prevent its dimiuution, 

t Many of the meteorites which fSedl to the earth from the interplanetary spaces havo 
little or no oxygen in their composition, and in this respect are unlike the generality of 
compound substances, which make up the crust of our globe. Hence, the inference has 
been drawn, that in some of the planetary masses of the solar system, from whence 
meteorites were undoubtedly derived, Qxygw 4oea not exist at all, or in much smaller 
proportions than upon the earth. Many meteorites contain, and some are entirely com- 
posed of, metallic iron and nickel ; while upon the earth these elraaents are nrely, H 
tvtr, foond, exempt in oom b i nat lon with other substanoea. 
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bet, is like that which wa may oonoeive would be presaDted b j our etrOt, hai 
lis exterior, (aince it oooled sod conaolidated) remaiiied unaltered by t^e actkn 
of tbeatmosp1ier«t water, or orguiio lib, Ingamuohaa uoae of tbeae ageiuie* 
are probably in exiatence upon the mooa. As saea with a powertiil teleso^ie, 
the sur&ce of the moon exhibits exteoaire rangea of mounUins and isolated 
peaks of eztreate steepaeBa ood distiactaesa oTouUioe; some of which rise to 
eleva&ina of &om 1,000 to 10,000 feet above (he geoer^ level Bat Um 
most rema^able &Mure of the lunar scenery is Uie existence of immeow 
tap^bapei cavities ca depressions, some of wbieli exUod beaeaUi the geo- 
Fia. 16. 



oral sor&ce to a depth of 10,000 to 17,000 feo*^ and exceed twenty miles In 
diameter. "The number of these cavities," saya ProL BliSiieK, "T&'beyoQd 
credibility; and in case we admit them to be the extinct craters cf once 
activa-v^anoea, we are forced to the coodi^on that coavulsianB, such aa 
'the earth Is a stranger to, hare shaken the outer crust of our satellite into a 
hideouaness of fbrm imknown in any region of our planet. That these coir 
QnvTHBr— 'WIM la ttu Mrutsn of dw bhnni t 
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irafeioiis are of diffiaren* ages is alsa dearij manKefll^ from the foot that tbeir 
ouUines yeiy often overlap odo another, and thus the oldest and newest for* 
matioDS are diadnctly traeeable. Yery often the interior of tbese cavities 
will exhibit a unifivmlj- eliaded snr&ee, and in the center a coDicfd mountain 
will lift itself &r above this level plain. So sharp and positive, nK»neovw, is 
the oatline of these extraordinary oligects that we cannot but feel that some 
sudden bursting forth might even oooiu' while^ under telesoopio examinadoo*" 
"Pig. IS represents the appearance of the mocm's sur&oei as^ seen through * 
tdesoope» dunng the second: quarten ^ 



SECTION II. 

AQUEOTTS iiND AT3C0SPHBRI0 AaEKOIBS. 

137. The aqueous and atmospheric agencies moat prom- 
inently concerned in producing geological changes^ are 
radnSy and the gases and moisture of the atmospherey 
windsy ice, and snoWy springSy riversy waveSy tidesy and 
oceanic currents. 

3%e operation of water^ acting mechantcaJly, is, under all curcumstanees, to 
wear down the higher portions of the earth's crust, and tranq>ort the materi- 
als to lower localities — ^an action which obviously tends to reduce the whole 
surfiice to a smooth and uniform level. On the other hand, the operations of 
igneous agents — ^v<dcanoes, earthquakes, etc. — ^by breaking up and elevating 
tibe crust of the eiurth, t^sd to counteract the equalizing action of water 
and to produce that diversily of sur&ce which is indispensable to variety in 
both the vegetable and animal kingdoms. These two forces, therefore — the 
aqueous and the igneous — ^may be considered as antagonistic to each other, 
and to them may be ascribed the principal modifications which have taken 
place, and are stin taking ]^aoe, in the crust of the globe. 

13& Bains, and the Oases and Moisture of the Atmos- 
phere t — "All rain falling upon land, and either running over its sur&ce or 
draming through its interior, is constantly abrading and carrying off particles 
(^pre-existing rock, in the shape of mud and sand. From the gutters and 
the ditches, from the rills, the sti^eams, and thei brooks, these materials for 
&e building of mechanioedly finrmed rocks are almost unceasingly carried 
into the rivers, and by them transported to the beds of lakes and seas. Rain, 
socMog into the ground and ksuing as springs on steep slopes or precipices, 
sometimes exerts also a more wholesaike destrpctive power, by gradually 
loosening and undermining v^ry considerable masses of ground, and thus 

< % ir a w i oiW. — ^What are the prominent aqueouB and atmospheric agendee concerned in 
prodaelog gtirT^t***' diaaiMt What are the relative eflbcta of igntooa and aqaeoaa 
eetioQ? What Ja the iwwhairiiri tl^ot of aitos on theeaiih^a^iwgfttoe? 
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canaiiig them to be laondied forward down the sk^^ producing what are 
called land-slips or slides. "* 

In the year 1806, after a rainy season, a monntain in Switzerland, known 
as the Boflsberg, was undermined, and a mass of eighty million cubic yar^ 
of earth and rock precipitated into the adjacent yalley, forming hills 200 
feet high, and burying several villages with their inhabitants. Some remark- 
able land-slides have also occurred in the United States. In 1826, one near 
the ** Notch** of the White Mountains destroyed an entire &mily. In 1836, 
a mass of clay and earth, estim^died to weigh 200,000 tons, slid fh>m a hill 
227 feet high, m the rear of the dty of Troy, N. Y., destroying both life and 
property. 

The fall of rain varies in different countries, and of 
course will be attended with proportional results. In the 
United States the average annual fall is about thirty- 
seven inches ; while in tropical countries it is upward of 
200 inches. In Guiana, S. A., twenty-one inches have 
been known to fall in a single day. Accustomed to the 
gentle rains of our own latitude, we can hardly form an 
estimate of the changes produced by such sudden and 
enormous falls on the surface-soil and river-courses of trop- 
ical countries. 

Water also effects the destruction and disintegration of 
rocks by its solvent properties. Pure water alone dis- 
solves more or less of almost every variety of rock ; but 
when the water contains carbonic acid (as it generally 
does), or alkaline substances, its solvent action is much 
more energetic. 

The atmosphere, partly by its gases and partly by the 
moisture always diffused through it, also exerts a wcisting 
or weathering in all rocks — softening, loosening, and crum- 
bling down their constituent particles, to be more readily 
borne away by currents of wind and water. 

<< Carbonic acid acts specially on all rocks containing lime ; oxygen rusts ox 
ozydizes those impregnated with iion ; moisture insinuates itself everywhere ; 
and thus, in a few years, the hardest rock exhibits a weathered or wasted 
Buifece. Particle after partite is loosened ; film after film falls away ; a new 
surfece is exposed to new waste ; and in the course of ages the boldest 
mountain-mass yields to the silent, imperceptible Agent" 

QunnOHS.— How does the fftU of rain yaryf What is Mid of the aolTeDt aofclon of 
water? What action ii exerted by the ftmotphert on rodnr 

\ 
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139. A el ion of WIndi.— Winds occasionally modify the 
surface of the earth by transporting or drifting loose ma- 
terials from one locality and accumulating them in another. 
Such accumulations are often termed sub-iBricU, in contra- 
distinction to those formed under water, and hence spoken 
of as aqueous or sub-aqueous. 

Tho sandy tracts, so frequent along our sea and lake shores, and known 
as sand-drift, or sand-dunes (dune being the Saxon word for a mound), 
are the results of wind agency — ^the wind carrying the dry sand left by tho 
tides forward and landward beyond the reach of the waters; while the land 
breezes do not possess suffioirait power to force it back. In this way hills of 
drift sand are formed, which sometimes attain an elevation of 200 or 300 feet 
Such hills have been described as advancing on the low shores of France, in 
the Bay of Biscay, at the rate of sixty 'and seventy feet per annum, over- 
whelming fields, forests, and villages in their progpress. Similar accumula- 
tions take place upon the shores of Cornwall, in England, and at various 
points on the coast of the United States, especially on Cape Cod and Nan- 
tucket, where the interposition of the National Qovemment has been neces- 
sary to prevent the threatened destruction of harbors and villages. 

Kor is it along coasts only that such changes are taking place. In the in- 
terior of great, dry continents, there are vast spaces covered with sand hillSf 
which are shifted and carried about by the winds in the same manner as 
sand-banks are removed or deposited by the agency of water. The stories 
of caravans^ being overwhelmed by moving columns of sand on the African 
deserts are fiuniliar, as is also the fact that large tracts of land In the valley 
of the Nile, which in the days of the Pharaohs were highly fertile, and the 
sites of cities and temples, are now buried to a great depth by the accumu- 
lations of sand blown in from the Lybian Desert 

140. Action of Ice and Snow.— When the rain or mois- 
ture, which penetrates the fissures and interstices of rocks, 
freezes, its conversion into ice is accompanied by an ex- 
pansion which exercises an almost irresistible mechanical 
force; the effect of this action is to force asunder large 
masses of rock and destroy the cohesion of their constituent 
particles. 

Thus, in all latitudes ana altitudes where frost occurs, vast waste is every 
season effected. The student may note the effects of frost on every plowed 
field, and on every cUff and railway-cutting around him ; how it breaks up 



QuKtnoHS.— What is Mid of the effect of winds f What is the origin of the sandy 
tracts along the sea-eoastf What are some instances of rema^able a c c n miil a t tons of 
saadf Whatlstheeflbetoffreesing water on reeks? 



136 FIBST PBIHCIPLB8 OT GEOLOGY. 

^ and polyetizes the soil, cote sway tbe difl^ aod 

^^ ^ '* S leayes, every winter, at its base, a sloping mass 

^ ^n geological language a tdtua or slope of 

^g ^^S cmmbling fragments." 

^^^^^^l^i^^^M Fig. 77 represents a dlD^ at tbe base of 

^^^ii?i^^m^Sf^^^^ whidi is a talus, composed of angular frag^ 

c }, a ments, a; finer partidefl^ d; and an p-rtfirrmi 

layer of mud, a* v 

141. Glaciers (Fr., glace^ ice).— In mountain districts, 
elevated above the line of perpetual frost, the snows are 
ever accumulating, inasmuch as the tempcuratore does not 
rise sufficiently for any considerable jnopOTtion to be melted 
and flow down. These accumulations, in valleys or other 
favorable situations on the sides of the mountains, often 
become converted, through the immense pressure of the 
superincumbent material, into compact ice, and form what 
are called glaciers, or, in French, rmra de glace (fiieas of 
ice).f 

"The oommon fonn of a gkunOT," says Pn>£ Forbes, ^leaking of the glaciNB 
anuKig the Alps oCBwitzerland, '*is a river of ice fllUng a valley and poming 
down its mass into other valleys yet lower. It is not a frozen ocean, but a 
frozen torrent, whose origin ot fountain is in the ramifications of tiie higher 
valleys and gorges which descend among mountains covered with perpetual 
snow.^ Fig. 78 represents a view of the glacier of Yiesdi, and Fig. 79 that 
of Zennatt^ both in Switzerland ; tiie latter (as shown in the figure) being 
finmed by the union of two glaciers. 

Glaciers occur, in Europe, among the Alps, the Pyrenees, 

■ — " ' ' 

QuvnoHB,—- What are familiar examples? Wh^ ia a talasf Wliat are e^taders? 
What ia the eommonform of a grader? 



* The effect of frost in destrojing rodcs is very mariced in the pdar regiooM and on 
hi£^ moantains. Mr. Scoresby, ii^ his vork on the Arctic S^ons, says of the rocks of 
SfAtdiergea, ** they appeared solid at a distance, but oa ezaminaUoa were finrnd so ftiU 
of firaetares in every direction that it was with difficulty that a q>eclmen of five or six 
pounds in a solid mass could be obtained. Clifb of a thousand feet were found fissured 
in erery direction, and toward the sea-edge, stones, weighing more than two or thresi 
ounces each could not be obtained.** Darwin makes the same observation on Terra dd 
Fu^;o. Here, he says, he often observed that where the rock was covered with snow, its 
surface was shirered in an extraordinary nuumer faite small angcdar firagments. 

t It was formerly tiie opinion that in the fermatioB of a glacier flie saew was eowrerted 
Into lee by alternations of mA^&ag and Areesing: bat recent InvestigaHons hare showm ^ 
that this phMiomenon is doe soiely to immense pressure. There Is every reason to be- 
Here, also, that the Intoter of a leader Is conqtaratlyely unafC^ed by cfaangesin the 
external temperature.— 5ee Annual Sdentijle Di^eooery. 1860, j^ 297. 
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KO. 78, 
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the itiouctaiDS of Norway and Iceland, and un tho coast 
of Spitzbergcn ; in Asia, among the Himalaya, Caucasus, 
and Altai Mountains ; In Fatt^onia, South America, and 
within both tlie frigid zones, 

Gludera have been chiefly studied in the Alps, ivlicro t'.iu climate is snf- 

flcieatly modcratu to allow of their coreChl nnd detailed examiaatJoa with 

comporativo uonrcDicnce. Along the central part of the Alps, from Mont 

FiQ. 79. 



Blanc to the &otitiers ct Tjrol, there are estimated to be cot lesa th3,a 400 
glaciers, eomo of whioh flU valleyB twenty miles long, by three or four in 
width, to a depth of 600 feet. In the ITimslaya Mouotoina, glaciers exist 
tipon a most gigantic Ecale, one of wliich, on the slops of KuDchiiijinga (one 
of the highest peaks), is said to present at its termination a vertical wall of 
lee 1*,0{I0 feet high. It is, however, in hijh Arctic latitudes, where the line 
of perpetual snow cornea down to the sea Isvcl, that the glaciers attain their 
Qcnnasa.— WheiB do glaidat oocar t Wlwre )uv» the; beaa oMtSr itndlad t Wliat 
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greatest deyelq;mieDt Thus, they were aeen by Dr. Kane,'itt 1856, ap- 
parently forming a deep^ unbroken sea of ioe over the whole intericnr of 
Central Greenland, and sloping gently toward the coast, where immou^ 
masses were constantly being detached, and '* floating off to be lost in the 
temperatures of other regions." 

142. Motion of Glaciers. — "Although apparently solid andstatioD- 
ary, glaciers really move slowly down the valley at s^es of the mountains^ 
and carry with them, either on their sur&ce, frozen into their i&ass, or grind- 
ing and rubbing along the bottom, all the fragments, lai*ge and smiUl, fh>m 
blocks many tons in weight down to the finest sand and mud, that rain and 
ice, and the friction of the moving glacier itself detach from the acyacent 
rocks." ^ 

The rate of movement differs in different glaciers, and in different parts of 
the same glacier. Portions of some glaciers in the Alps have been observed 
to move, during the summer, at the rate of three or four feet per day ; but in 
general, the advance of glaciers is very slow, and can only be correctly esti- 
mated by observations extended over a considerable period. The glacier of 
Aar, in Switzerland, which has been very carefully studied, appears to have 
moved 16,000 feet in forty-four years, or at the average rate of 3*75 feet annu- 
ally. The motion of glaciers is always continuous and not by jerks and 
starts. 

With respect to the cause of the motion of glaciers different views are en- 
tertained. Some believe it to be due to a slight degree of plasticity, a sort 
of semi-fiuidUy^ in the ice mass, by which it is enabled actually to float down 
the declivity by the action of gravity, just as a viscous substance, such as 
partially raelted pitch, would flow. Another theory, advocated by Agassiz, 
refers the onward movement to tho force arising from the expansion of water 
freezing in the fissures and pores of tho ice, into which, during the warm sea- 
son, it i3 constantly infiltrating ; and, more recently, Prof. Tyndel and other 
geologists of Englajid claim to have proved, that the motion of glaciers is the 
result of a minute, almost molecular, fi:'acture and re-cementation (regulation, 
as it is called) of the ice particles, which move as if they were sand, continu- 
ally thawing and re-freezing.* 

A glacier descends toward the base of the mountain until the heat melts it 
away. It usually terminates in a vertical wall, which marks the thickness 
of the ice at its extremity, and, in tho Alps, i3 often fixmi 60 to 100 feet 
high. Duripg tho summer, currents of water, formed from superficial thaws, 
flow over the surface of the glacier, and, falling into fissures and chasms 



QumnoKS. — ^Where do g^iers attain their greatest development? Arc glaciers fixed 
and stationary ? What is said of their rate of movement ? "What is supposed to be the 
eaose >of the motion of £^ier8 ? How far does a glacier descend down a mountain slope f 



•V* 



* Few topics in geology have excited more interest and discussion than the phenomena 
of the structure and movements of glaciers; and in some instances investigators— Sans- 
sore, Agassiz, Desor, and others— have devoted years to their study, and have lived 
continuously, for months, in rude huts erected upon the moving ice-surface. 
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wbidi ertwid bctosb It, iaeaa aa a Biagla ttman from a loit oTTautt or aarerm 
atiU lamioatton. Si»ii ofavanis, ffioni tha glaciers of the Alp^ constitute tbe 
■ooroB of Bappl7 oTBome of the p^cipal nven cf Eun^Mk . 

The tarminua of a glttoier,' however, Taiiea aomewhat with the aeosrai^ 

bdng lower ia nioter tliaii ia Eommer. la cold aeaaona it eomctlmea Invadet 

tiie habitablo vaileys of SviUerlaiid, and IfreaiEmilj and fmperoeptiblr ad- 

ranoM upaa and destn^ the oottages aod tanat of the peaoantrj. "The 

Fio. 80. 



green ibrests slowl; disappear befbre i^ and the gtowIi% \rtteat alrooit laela 
its k^ touch belbrs the ar«l is Uftad by ttia mlhlaas plowahaie. Wbeii, after 
sooh an advance, a warm aammer aioceeda, and the glacier retieata to Ua 
Ibnner bonnd^ the siu&oe it covered is found to ha changed into a dreary 
waste of loose rocks and stones. These have originally fallen upon the 
glacier, and have been boms down and deposited b; ita melting." 

The confused heaps or ridgea of rock fragmentB, mud, 
and sand, which a glacier pushes before it, or carries upon 
its surface, have received the name of moraines. 
Fig. 1 3 gives a cloar idea of the sotore of these accmmilations of detritiu, 

QmsnoNH. — Wh&t is 11a UEoal l«niilaat£cn] f Da« & gUcier evvr InrmdA hab l U b to 
Tillayil Whatl9th« condlcian of ths ponnd temjHruIlT Dorared byi glMcial Wtli 
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and Qie mannorin wbich tliej collect in long lines npoo the iurfhce of tbs 
Racier, in the directtonof its motimi. ^g. 80, repreoenting the Racier oTtli* 
Abt, shows bow, when two glaciGCB omta, BBparate lines of moraine aba coma 
tc^ether and float, as A wsre, down the middle' of tiis conution glader.* 
Fia. 81 



Tbs qnantity of stony mnterial, aod tbo enonoous sizo of tlio masses of 

rock transported by glaciers can hardlj be appr^atod Froio aay description. 

Qdestio:*. — Wlut iBBaldoflbv nmonnlDf dfltrltoi tmiflportcdbjgUclflnr 

* CoDceniing tlH pais attubed to ft roak, Han in tha angnTlne. Fig; Bfl, AemiIe. In Ui 

Incident : A. cxrtiin siplorer fuieneil Ibe pole to > iKTge mui of rock on Cli« nrllHe el ■ 
EUolar, blgh ap tonrd Ita ■oDrca, fend e&refultjr naordad the ^t In ■ pnbUihad ha- 
oannt of bla birauIgACLDiH. Soma ten jean aftar, another explorer seftTcbad for IbH pole 
and block, and fbnnd tbat It Lad traveled, in tbfl inlerTml, nme el^litor Ten riUcb tovard 

bj protecUng Iba ice beneath Ibom from Uie melting aeUon of the ann, ire gradoaJly lifted, 
br the TUta of tha exposed mrfiea npon n pedestal or dam of Ice, and at the aame time 
are Bwrlng vUh Uia general miu toward a lower ln«L 
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Branetimea tlie ioe is almist ccxxwalad b^ ttie accumulated [ules of Ktooe Hut 
cover it ProC Forb«e relataa tlmt be aaw, in rate tf the valleys of Switzer- 
land, a TDck brought down hy a glacier, the dimensions of vb^ were ueetfy . 
a hODdred f^ in length and fican tet? to ORj in height [ 

The rDclcs upon aud againat whidi the gladera have ptemed are GMind, 
wherever exposed to view, to be Hmootbed and scratched (sUiated, as it ia 
termed), and oocasion^y maiiied with deep grooves and furrows. These 
effects are mainly due to the friction cf tiand aud angular fragments of rock 
embedded in the ice, and driven fra'waid, under enormous prenm^ by the 
motion of the glacier. The groovea and strife thus p''^'''^ "^ parallel to 
each other, and also correspoDd in direction with the movements of the glader ; 
but as the motion of tlie glacier diaoges, now sets of scratches will be pro- 
doced, irtiich sometimes cross those prevfaMsl; mades at a high uigle. 

1^.81, which is an actual sketch, drawn by PidC Rtrben, represente granite 
blocks jammed in betweed the ice of a glacier and the rock, in the process of 
Epinding down and grooving the retAning walL 



Fig. 82 represents a spedmen of a rock thus smootbod and striated by an 
Alpine glacier. 

143. leebergs.— In the Polar regiona, glaciers descend to 
the sea-coast, and even advance into the sea, so that their 
cxtremitiea often hecome separated from the main mass, 
and float away aa icebergs. 

Leta,&, c,dand e fFig. 83) represent a section rf a coast, alwig a ravine or 
hollow, in which a glacier, f, g, c, finds ita way outward to toe sea, j; the 
mass of ico at its extremity being lighter than water, b^ a tendency to float, 
and the movement of the waves and tides aeaiaBng, large fragments (m> readily 
become detached Irom the gUder and are floated off by currents. 

IcebeiKS thus Ibrroed vary from a few yards to miles in drcumfercnce, and 
often rise from 200 to soo, or even 600 feet, above the suifeco of the ocean. 
But as ice floats with eightnhittis of Its bnlk below the surfhce, the greater 
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pcrtioa of ta iceboi^ must alwaye be oonoealeJ Crom observaLion; anil a 
height of 200 to 300 fbet above the sur&ce of the ocean would necegsarilf 
miply « vertical depth of ftom 2,000 to 3,000 fcet below it. 



Hg. 84 repreaesta an iceberg seen by Capt- Parry, the ^ze of which may 
be inferred by comparison with t!ie ship in proiimity lo it. Capt, Ross saw 
ioebei?3 ground in Bafflu's Bay, where the depth of water osceeded I, BOO 
feet. Oca seen by the French Explorin;r Expedition, in the Southern Ocean, 
in J810, was thu'tcen miles hag, wltli v;;riical walls IOC feet high. 
FiiJ. 84. 



Icebergs very frequently carry great quantities of rock 
and earth from the lands where the berga were formed as 
portions of glaciers, to new localities in warmer latitudes. 
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CaptMn Scoreaby coDjectnres that a group seen by bim in the Northeni 
Ocean were loaded v'lOi from 50,000 to 100,000 tona of loose materials. Dr. 
Kana also describes Oie ice-belt which lines the shores of Smith's Strait, 
Baffin'^ Bay (and which, io summer, becomes detached and floala oS), aa 
covered, ia somo localities, " with miUiooB of tona of rubbish ; — greenstone^ 
limestones, dates, rounded, angular, massive, and groand to powder." Hs 
(dso observed rafta of ice thus loaded with large angular bUwks and bowlders 
floatiiig many milea out at sea. Fig. 85 represents one of these ice-ralts, . 
figured by Dr. Kane, loaded with masses of slate^ 

Fia. 85. 



Iceberg ftom Baffin's Bay fl^qucntly float, before melting, as far south ai 
*0o north IftL (or about the latitude of New Yorlc City) ; in one instance, an 
iceberg, with bowlders upon it, wa» se«n oa the Atlantic^ in laL 36° N. (or 
nearly as &ir BOnth as Cape Uatteras). 

Whenever icebergs dissolve it is evident that their freight of earth and 
rock win fill] to the bottom of the sea; and hi this manner anbtnarine moun- 
tains, plains, and valleys may become strewed over with gravel, sand, mud, 
and Iragmenta of rock, transported from very distant localities, and of a nature 
dissimilaT from alt in the vicinity. 

Jcebei^ ore often stranded, even in comparatively deep water. When 
this liappons, the disturbancea occa^oned on the sea-botrom, by the rubbing 
or thumping of such bodies, weighing perchance millions, or hundreds of mil- 
lions of tons, and impelled by powerful currents, must obviously be vciy 
great. Wo may conceive that (he'^power thus exerted would be amply suf- 
ficient to furrow and pulverize rock^ excavate valleys, and perhapa even 
crush and disrupt Hubmarino hilla and ridges. 

From the above tacts, it seems probable that if the bed of the ocean, is 
both the northern, and southern hemispheres, between the fortieth and dztieth 
degrees of latitude, pould be exposed to view, ita rock-sur&ce would be every- 
where smoothed and striated by the ice-bei^ which bavo dragged over it^ 

float/ WbM tikes plMO when Ihej dlMolvot What eflecti ni«y ieeborgi prod nee upon 
the sBi-baitaia I wiut ironld probably be the aoDdEUon of the beds of tba norUiBm and 
•ODthatD oeeaiu. If eipOMd to vttv 1 * 
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and also strewed with sand, grayel, and bowlders, drifted ftom the Arotie and 
Antarctic regions. 

Icebergs may also exercise an inflaence upon dimate. Those which drift 
fix>m Baffin's Bay along our own ooast^ sensibly cool the waters of the Gulf 
Stream for forty to fifty miles around, and the temperature of the air on ap- 
proaching them has been known to &11 1*7^ to 18^ F. When driven, as they 
sometimes are, in large numbers into Hudson's Bay, they produce intense 
cold, and modify the seasons over the northern portion of the Ainerioan con- 
tinent In the southern hemisphere, icebergs drift much nearer the equator 
than in the northern, and are occasionally seen off the Cape of Good Hope^ 
in latitude 36^. Were they not diecked before reaching a corresponding 
latitude in the Northern Ocean they might float into the Mediterranean, and 
chill the waters of that sea to such an extent as to produce a marked, diange 
in the climate of the adjacent countries. 

Apart from the interest which pertains to glaciers and icebergs, as import- 
ant causes of change in the condition of the earth's sur&ce, the study of 
their phenomena has fixmished a key to the solution of some of the most in- 
teresting and important problems in geology, and for this reason (as will be 
shown hereafter) they merit especial attention from the student 

144. Springs. — Springs, which are discharges of water 
from the earth, effect geological changes, by wearing 
and transporting, or dissolving and re-depositing min* 
eral matter. 

The mineral substances most abimdantly precipitated from water, viz., 
travertin, tufas, stalactite, stalagmite^ silicious sinter, and bog-iron ore, haye 
been akeady noticed. (See §§ 63, H 6*^1 "^l-) 

Origin of Springs. — The water of springs and wells is 
derived from ram. 

This, foiling upon the surfoce of the earth, sinks downward through the 
loose and porous soil or rock, until it reaches a bed of day or rock imperme- 
able to water. Here, it -pia. 86* 
either accumulates and sat- 
urates the soU, or else run- 
ning along the surface of 
the impervious stratum, it 

bunts out at some point JS^SBBSB^^BB^^^^^^tK^^J^ 
where such impervious bed 
or stratum comes to the surfoce in consequence of a valley or depresaoQ. 
In such a case, the flow of water constitutes a spring. Thus, suppose a 
(Fig. 86) to be a hill of sand or gravel, resting upon a stratum of clay, & ; then 

QuKsnovs. — ^Do ieebergi exercise sny Influenoe upon climate ? Shoir this bj illaatea- 
ttva facts f How do springs elTeot geological changes? What mineral substances are 
most abondaatly deposited by springs f What is the source of the water of springs ai4. 
veOsf 




14fi riRST PBI1I0IPI.9S or qsdloot, 

the mler, ptaetAatiDg throa^ Ibe wppet pemeafcle bod, vmld flnaUj leacb 
the imperrioiiB iitratum trad cud eioog Ita surtace until it Ibund an outlet at 
e, tbe fiiot of the tiiU, where a ^ring woald be Ebcmed. 

If UiBie ara no imgulariCiaB in the sui&oe of tbs impervioui stnta so 
■iCnatHl HI (D allow a quag to burat ibrtb, the Tater, soaking downward, 
win not dnin of^ but will accumulate, and rise among tbopartideeof Boil,a8 
it would ttnurng shot or bullets in a water-tight vesaeL If a bote or pit be 
dng into socii eaitl], i^adung bekiw the level of the water accumulated in it, 
it will Boon be filled i^ with water to thia lerel, and will constitule a well 
Tite reason why whub wells are de^er than others, i^ that the distance of 
liie impervious stratum b«low tbe sorbce ja diS^reot in different locnlicieo. 

145. Artetiaa Welln. — In maQy localities, if the strata 
be penetrated to a consideraMe depth by boring, a supply 
of water will Bometimes rise with great force to the sur- 
facCj and continue to flow uninterruptedly. Such escava- 
tiona are termed " Artesian Wells," from the province of 
Artois, in Fiance, where this plan for obtaining water is 
bduved to hare originated. 

The theory oftheitse of water In artesian wells wHl be readily auderstood 
frMU the fbUoiring cUagram, Ilg. 87. Sui^tose Jf JC a Btratiun of sand or 
■ome other mateiial pervjous to water, to be inclosed between other strat^ 



A and B, which are imperylo<ia ; and that all tbe strata ate at tbe same time | 

so ipcUned as to form a sort ofbasin. Then, tbe water which jails upon the 
uncovered margin or outcrop of tbe porous strata M will ba absmbed utd 
dub to the lower portion of the barin, where it will be prevented from aris- 
ing to the surface by the unpervious stratum above it, and (rcsn sinking 

<lw«nOF«.— niiutnitolhofonoiilioii of ipringi uidvelli. Wlutsra •rtertinirelU' 
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lower, by the equally impervioos strata below it It wiU, ti^refore^ accnmn* 
late, as in a reservoir. If now we bore down tiiroo^ the tippw stratam, 
until we reach the stratum containing the water, the water will rise in the 
excavation to a certain height, proportional to the height or level of the 
water accumulated in the reservoir M, from wliich it flows. 

The great depths to which artesian wells have been sunk have alieady been 
noticed. (See §§ 8 and 1 11.) 

The water supply afforded by some of them is also very great. One at 
Grenelle, near Pans, X800 feet deep, is capable of supplying water at the rate 
of 600,000 gaDons per day ; and the district of country over which this water 
was precipitated as rain, judgmg from the curvature of the strata through 
whidbi tiie excavation was made, is estimated to be 200 miles or more distant 
from the point wh^n the water issues. An artesian well, at Louisville, Ey., 
excavated in 1859, discharges 333,000 gallons every twenty-four houra-rthe 
water rising (in pipes), by its own pressure, 1*70 feet above the surface. 

146. MJneral Springs « — Spring- water, although it maybe perfectly 
transparent, always contains more or less of mineral matter dissolved in it 
Tlie nature of the substances will of course vary with the character of the 
soil through which the water percolates. The most usual impurities are car- 
bonate of lime^ common salt, sulphate of lime (gypsum), sulphate and carbon- 
ate of magnesia^ and compounds of iron. 

When the waters of springs retain in solution so large a proportion of 
mineral or gaseous majiter as to give them a decided taste, they are termed 
mineral waters, and are usually reputed to have some medicinal quality, 
varying with the nature of the substance in solution. 

"Waters which contain iron in quantity sufficient to impart to them an inky 
taste are termed chcUyhecUe; the iron exists in the water most frequently in 
the state of carbonate dissolved in carbonic acid, and rarely in a proportion 
exceeding one grain in a poimd of water. 

"Waters impregnated with sulphuretted hydrogen gas are termed sulphurous 
or sulphuretted; they may be readily recojj^ed by their nauseous taste and 
odor, Kemaikable springs of this charactoi exist at Sharon, New York, and 
also in Virginia. 

In some springs carbonic acid is very abundant, and imparts to the water 
an effervescent, sparkling character, like that noticed in the " Seltzer" and 
*' Saratoga" waters. 

light carburetted hydrogen (illuminating gas) is also evolved from fg)ring5(y 
in some instances. At Kenawha, in Yirginia, it rises hi immense quantities, 
in connection with salt water, from artesian wells, and being conducted by 
am arrangement of pipes under the salt-boilers, furnishes sufficient heat by 
its combustion to evaporate the brine. A similar natural supply of this gas^ 

QuzmoKS.— To what depths hare artesian wells heen excavated t What Is said of 
the supply of water aflbrded hy them? What Is said of the parltjof springy waters f 
When are springs termed mhieral t What are chalybeate springs f What ai« nu^nr. 
ettedt What is said of the presence of gas in some springs? 
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in the town of Fredonla^ in Kew York, has fat many years past been ex- 
tensiyely implied for illuminating purposes. 

147. Saline Springs. — Springs, whose waters contain a 
large proportion of earthy or alkaline salts, are called 
saline, although this term is generally used to designate 
particular springs containing common salt. 

These last, considered in an economical point of Tiew, are the most im- 
portant of all mineral springs. They occur in all parts of the world, and 
their waters are extensively eyaporated for the purpose of obtaining salt 

In the United States, salt springs of value occur in New York, 'Vuginia^ 
Ohio, Pennsylvania, Illinois, Michigan, Mlasoari, Arkansas, the Territory of 
Utah, and in Canada. The amount of salt contamed in these waters varies 
from ten to thirty-five per cent In many localities where salt springs 
occur, great additional supplies of brine have been obtained by boring ; and 
in Virginia and Ohio excavations have been made for this purpose to the 
depth of 1,000 to 1,200 feet 

The quantity of salt manu&ctured from the waters ci salt springs m the 
United States, in 1856, was about 12,000,000 bushels. Of this quantity 
the salt springs of Onondaga County, N. Y., furnished about 6,000,000 bush- 
els; those of Yirghiia, 3,800,000; of Ohio, 1,500,000; of Hlmois, 60,000; 
of Michigan, 10,000; of Pennsylvania, 900,000. The waters ci the Onon- 
daga salt springs contain about one-seventh part of their weight of dry salt; 
and the supply of water is not less than 2,000,000 gallons per day for six 
months in the year.* 

The amount of salt contiuned in sea-water is about twenty-seven per cent ; 
which amounts to nearly four ounces per gallon, or a bushel in firom 300 to 
350 gallons. At Nantucket, where salt is made from sea-water by solar 
evaporation, 350 gaUons of water are required to yield a bushel ; while at 
Onondaga forty-one to forty-five gallons suffice. 

Numerous lakes of salt water are found scattered over the territory of the 
United States, between the Mississippi and the Pacific. Of these the most 
femous and extensive is the Great Salt Lake of Utah, whose waters contain 
22,000 grams of salt to the gallon, or nearly one-third of their whole weight 

148. Origin of Salt Springs, Lakes, etc.— Salt springs 
undoubtedly originate from the percolation of water 



QniSTiosrs. — ^What are eallne springs t What mineral eprings are the most important f 
Where do salt springs occur in the United States f What amount of salt is mann&ctnred 
from them? What proportion of salt is contained in sea-irater f What is said of the ex- 
istence of salt lakes ? What is the probahle origin of salt springs? 

• The amount of salt yearly consumed in the ITnlted States (for various uses) is esti- 
mated at sixty pounds for each InhabiUnt, or a total of 26,000,000 of bushels. Of this 
quantity nearly oae->haIf is imported Arom foreign countries. 
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tlurongh snbterranean beds of rock-salt^ or through strata 
containing a large proportion of salt. 

It is an error, however, to attribute the saltnesa of the sea to the presence 
of vast beds of mineral salt at its bottom; for the sea tmdonbtedlj owes all 
its salts to washings from the land. The streams that have flowed into it for 
ages have been constantly bringing soluble mineral matters from the land, 
and as pure water alone evaporates from the sur&ce of the ocean, the quan- 
tity of such matter has been continually accumulating, until the whole ocean 
has acquired its present briny and bitter condition. The evidence on this 
point is conclusive ; and the saline condition of sea-water is but an exaggera- 
tion of that of all ordinary lakes, rivers, and springs. These all contain 
more or less of the mineral constituents of sea-water, but as their waters are 
continually changing and flowing into the sea^ the salts in them do not ac- 
cumulate. 

Again, every lake into which rivers flow, and from which there is no out- 
let except by evaporation, is a salt lake ; and it is extremely curious to ob- 
serve that iMa condition disappears when an artificial outlet is provided. 
Examples of such lakes are the Dead Sea, the Caspian, the Sea of Aral, and 
the Great Salt Lake of Utah, the saltnesa of all of which greatly exceeds that 
of the ocean. 

149. Streams and Sivers, as agents for producing geo- 
logical changes, act chiefly in a mechanical way, and their 
influence depends partly on the nature of the rocks over 
which they run, the rapidity of their flow, and the volume 
of water. 

If the rocks over which they pass are of a soft and friable material they 
soon cut out channels and transport the abraded material in the state of mud, 
sand, and gravel, to the lower level oi some lake, or to the bed of the ocean. 
It may be generally observed that a river will have its rapids at the locali- 
ties where the hitfdest strata or rock-material occur; as these resist the 
wearing action of the water for a longer period than the other portions of the 
liver-bottom. Thus, the first waterfalls of the Rappahannock, James, Neuse, 
and other rivers <^ Virginia and North Carolina^ indicate where a lidge of 
granitic rocks comes up to the surface. 

150. The eroding, as well as the transporting power of 
streams and rivers, is greatly aided by the rapidity of their 
currents. 

Qnmioirs.— To what is Che aaltaeM of the sea probably doe t Under vhat droom- 
fltancea will a lake become aaltf Hoir do streami and rivers produce geolos^cal 
ehangesf At what point in the coarse of a river will rapids ocearf What effwt has 
the velocity of a river on its ax>dlng power f 
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Xbis, tt haa been ealotdatod, Sot axampla, that tha Telodtj at Ones Indies 
per second will tear up hue clay ; that six iuclies will liil Soe satMl ; eight 
inobes, eaai as coarse as linseed; and twelve inches, fine gravel; wbUe it ro- 
qujrea a velocity of twenty-tour im^tes pw sacoad to roll along rounded pebbles 
sa inch in tUameUr, and tbir^-six Indies per seoood to sweep angular stones 
oftbeaiwitfaheB'seKS. The Mowing alatemeat of a law, detenninsdby 
Hr. W. Hopkins of Englaad, alaa itloBtratea how r^adlj' the size of watFr- 
bono &^;ments increeoea in prc^ioitioa to tbe velocity d' the moTii% water: 

The power of ■water to move bodies that are in it in- 
creases as the dxth power of the velocity of the current. 

Wins, if wa (fotiWe the Ti^xiity of a current, its motiva power is increased 
Mxtlf-foar times; ifita velocity be nmltiiJied by three, its motive power will 
be Increased T29Uiiies; if by fbie*, 2,016 times; and so on. In eatimating 
the mechanical force of water it is also necessary to bear in mind that aU 
rocks and stones lose fully (me-third of tbeir weight when suspended in 
water; and this conuderation will enable us to understand more readily 
how, in great storms, rocks weighing tons are sometimes carried to a con- 
dderabte distance by the action ot waves or torrents. 

Kie eroding power of rirera is also greatly asaisied by the materials me- 

dianicaUy suspended m, or forced onwanj, by the water — every particle of 

■and, every pebble or tock, la^uig and grinding etiU deeper and deeper the 

channels down which they are borne. Am familiar illustrations of this action 

Pig gg^ we may instance the vertical holes drilled 

in rocka by means of pebbles so situated 

g that a nitary action is given them, each 

I in one place, by water in modon. These, 

I which are commonly termed "pot-boles," 

I nay be tNmd in most sitoatUma where a 

I stream ofwateT&nsnpon a rock bottom. 

I Ap^l:4egetaaoestaUl^ediuaneddy, 

that it remains there^ and by constant 

ftictton works a vertical bole downward, 

some&oea to the depth of several fbeL 

b some instanceiv where the bed of tbe stream has been lowered by erosive 

KCtios, seetio&a of -those cavittea are diown, aa in Fig. 83. 

151. Valleys escavated from strata, by the action of 
nmioi^ water, Bre termed vaUeya of erosion {erosus, 
gBBwed K'wfty), 

Of these, some very remarkable examples exist in onr own conntry. A 
few may be cited in Uie way of illnstnition. 

Qomion.— lUnstiata UiIbi Hmr d«i Ilia ponw of ntar ts man boUai I umif 

' Wkal ttrtamat^Beta aailit tin m«builisl utlim of mtecF What la th* oHglB at tlio 
•O-Cljled ■'pot.holeir* What arflvallCfB of inwlont 
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The Falls of Kiagara are 150 f(set in iE«%ht, and &e 
average amount of water paaskig over ^ach mkmttB U eSK- 
mated at 6t0,000 totiB. This water, by its abrading polM^, 
has undoabtedly ezcavatdd fi>r itself the gorge or ehmiMil^ 
seven mites kfsg^ 200 fbet d»&p, and 1,200 to 2,009 feet 
wide— which now intervenes between tb& Falbi tetA Late 
Ontaria The minimtim thne i^qtiked to wear through thfa 
stiace has been estiinated, bj Sir €%ffi^les lyeBj at 35,000 
years. At present the Falls are stipposed to recede «t an 
average rate of about one foot per ammm. 

An examination of the rocks over wld^ ^e HiS^gara 
Eiver flows, from Lake Bile to lAke Ontario, enal^ as to 
understand the present operatk>&s of the Fa^ and i^ to 
estimate their fiiture action. The nature and poSHion of 
these rocks are clearly shown on the sides of the ravine 
excavated by the Fall^ and also in the ideal section given 
hi Fig. 99, m which /represents the "PaSlA; ^ ^, A, the level 
of Lake Brio; h, Cj d^ f^ the course of the Niagara River; 
Of Lake Ontario ; and m, the dty of Lewiston. The strata 
through which the Falls have cut their way donnst <^ 
limestones, 4 (Niagara limestone); soft shales, 3 (Nii^;ara 
shales) ; and sandstones, 2 (Medina sandstone) ; all of which 
are inclined, or dip to the south, as shown in the section. 
This inclination of the strata &vors, at present, the recessioii 
of the Fall^ inasmuch as the uppermost rock, over whic^ 
the water is prec^itated, is a hsud limestone, ninety feet 
thick, while the lower rock, supporting the limestone and 
forming the base of the dif^ is a soft and friable shfllo. This 
last being easily worn away by the action of the wat6r And 
by frost, leaves the superincumbent Hmestone tmsqpporte^ 
and large masses of it occasionally fall by their own weiglA 
The well-known " Table Bock" Is a portiim of the vq^ptr 
limestone, which has assumed a tabular appearance by tiiO 
removal of the shales beneath it. 

An exammation of the section will also show that if Ukft 
Falls continue to recede, the iDclinatio& of the rocks wiH 
soon carry the shales (8) so &r below the bed of the Nia- 
gara Eiver that they w^ cease to be acted upon. When 
tiiis happens, the hard limestone now at the top otibe Falls 
win also constitute their base, and the excavating process 
will be essentially retarded. 

Upon the Genesee Biver, N. Y., the water has excavated 
for itself a channel, in solid rock, which m some places ex- 



<2^naenn<iNB.-— Wlukt !• tsid of the eroodye action ot irater ezldbftlBd 
at the Falls of Niagara f What are other iHtiMtratiOtts t 
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otedt^OO ft0t in dep^ At G^:«itoii FaDs, N. T^ limestone loda bu^ be 
aoea cat throogh. to the depth of 100 to 200 feet ; aad at the Great Falls of 
the Potomacv near Wasbu^n, a goi*ge has been worn, by water, in hard 
mioaiMhls^ fiwir miles long and fixxn six^ to serentf &et deep. 

Botthe most strildngezai^es of llieeiOBive power of water are the so* 
QsUed catkins — (pronooneedAMMKycmV-ordeepgulfiiexcainitedbysomeofthe 
xiTers of the sooth western portion of oinrcoantrjr. Thedunensionsofsomeof 
these valleys oi eBomoOf as given by reoent explorera, seem almost incredi- 
Ue, and oertBinly have no parallel elsewhere. Thos, a cafk>n, explored by 
Gapt. Marcy, IJ.S.A«, upon the Bed Biver of Texas, is seventy miles long^ 
with predpitOQS banks of rook from 500 to 800 in height Another, upon the 
Canadian Biver, is fifty mUes in length and 250 feet deqn But even these 
seem insignificant wnen compared with the excavation made by the (Colorado 
^ver and its tributaries in the table-lands of CaUfomia^ which are described 
In the report of the Expedition of Lieut Ives (I858X as exceeding, in some 
instances, a mile in depth. The streams flowing through these immense gulfe 
ace generally inaccessible from above, and the traveler who meets with a 
eanon in crossing Ihe plains is sometimes obliged to journey for days beside 
it before finding an opportunity to cross or even to descend to the water at 
its bottom. 

152. Although rivers mth rapid currents are continually 
modifying or deepening their channels, yet the general 
form and direction of river-courses are determined by other 
causes than the agency of the river itself. In other words, 
"rivers are not the producers, in the first instance, of their 
own valleys.'' 

This proposition will be more readily understood by the following illustra- 
tion, given by Mr, Jukes: "If we wateh," says he, " the tide receding firom 
a flat, muddy coast, we should see that the mud-flat, even where no fr-esh 
water drains over it from' the land, is frequently traversed by a number of 
^tUe branching systems of channels, opening one into the other, and tending 
to a general embouchure on the margin of the mud-flat, at low water-mark. 
The sur&ce of the mud is not a geometrical plane, but slightly undulating; 
and the sea, as it recedes, carries off some of the looser sur&ce matter from 
some parts, thus making additional hoUows, and formmg and giving direction 
to currents which acquire more and more force, and are drawn into narrower 
limits as the water &11sl Deeper channels are thus eroded, and canals sup- 
plied for the drainage of the whole surfisice, which is immediately directed 
into them. First two, and then more of these little systems of drainage 
unite, until at dead low water we ofl»n have the minature representation of 



QuxsnoNB.— Describe the ** caiionB** of the sonthwestem States. Is a rirer's coorsa 
and form determined by its own action ? niostrate the manner in which the river ayB^ 
terns of continents hare originated. 
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tiie river sjrstem of a great continent (wanting of coarse Uie moontain diainaX 
produoed before oar eyes in the course of a single tide, in the very manner 
and by the very agents by which all river systems on all islands and conti- 
nents have been produced. The difference betwe^i them is this only, that 
offf idands and continents are now above the sea, not in consequence of the 
gradual fiJl of the water, but in consequence of the gradual and irregular rise 
of the land. The forces of elevation and depression have acted not once only 
but many times; and accordingly the whole surfkce of the land has been, not 
ODce only, but often, subjected to the grooving tools and gouges, the planes 
and chisels, so to speak, of the upper surface of the sea; the hollows and ex- 
cavations tiius caused not having been obliterated, but generally deepened 
and intensified on each occasion." 

153. If a person will have the curiosity to lift a gallon of water from almost 
any river during its muddy and turbid condition, consequent upon floods^ 
and allow it to settle, he will be astonished at the amount of sediment or 
solid matter that falls to the bottom. Now, let him multiply this gallon by 
the number of gallons daily carried down by the river, and this day by years 
and centuries, and he will arrive at some faint idea of the quantity of matter 
worn from the land by rivers and deposited upon the bed of the ocean. 

Some of the results of observations on the action of particular rivers are as 
follows: The total mineral matter carried by the Ganges into the sea is esti- 
mated at upward of six. thousand" mOlions cubic feet per annum. To trans- 
port this quantity, says Mr. Lyell, would require a fleet of 2,000 ships, each of 
1,400 tons, to start every day throughout the year. The same matter would 
also oover a square space eighteen miles on the side, every year, with mud a 
foot deep, or would raise a surface equal to one half the area of nil the New 
England States one foot in the space of 144 years. 

The Yellow Eiver (Hoang Ho), in China> carries down into the Yellow 
Sea 48,000,000 of cubic feet of earth daily; so that, assuming the Yellow 
Sea to be 120 feet deep, an English square mile might bo converted into dry 
land every seventy days. 

The quantity of solid matter annually brought down by the Mississippi, and 
discharged into the Gulf of Mexico, has been estimated to exceed three thou- 
sand million cubic feet ; and that transported to the sea by oven so small a 
river as the Merrimac, in Massachusetts, at 840,000 tons. 

154. Deltas. — When the matter thus carried down by 
rivers is deposited at their mouths, a triangular area of 
land is added to the previously existing shore — the base 
of the triangle extending toward the open water and the 
apex being up the stream. Such form^ions, from their 

■- I - , I.I ■ II ■ I III 

QiTBSTtoNs. — ^Wbat is said of the amount of sediment conveyed by rivers to the ocean t 
What is the estimated amount of sediment brought down by some of the rivers of Aida? 
What by the Mississippi f What are deltas f 
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msoablance to iiie fourth lett«r of the Greek alphabet (A), 
are tenned deltas, and they generally divide the main 
itream into seveial bnuiebes. 

Tbe delta of tbe Miasisaipia includes & large part of Lower ''■~"i'*Bt| and 

comprises an area of over 13,000 square milea. The uGaa depth of the 
depoait oTBedimeDt, coDstitatiog this dell*, ia eatimated at oot leas than MO 
fee^ and the Ibnnation, at the preeeiit time, advancea Bl«adilf out into ths 
Gulf of Mexico at the rate of about ona mile in a ceobur, or tSbj &et per 
anaum. The delta CwnMd hj Ute Gangea is of atill larger ■HiBftnirinna It 
conunenceB S20 milea &oin tbe se% and haa a baae of SOO mile^ thio^^ 
which extent of made land the river discharges itself b; eight print^al chao- 
K^ and an almoet infinite ntunber oi Bmall^ onea. Ilg. 90. ntx^eaents the 
ddta of tbe Gsi^ee, with ib muneroua channels. 



^B gain cf land at the mouth d the Kivar Po, in Italy, has been so great 
that the town of Adm, which was a seaport iu tbe time of Augustas, ood 
gave its name to tbe adjacent gulf (Adriatic), is now upward of twen^ mileB 
island. 

'\71tere, however, the mouth of the river is subjected to strung tide^ or ia 
snrpt bj powerful oceanic current!^ the detritus brought down does not Ibim 
a delta but is carried off directly into the sea, as in the case of the Amazon, 
the La Plata, EL Lawrenee, and most of the rivers of Kon^w. 

^DWTKOfa.— WbaliiHldortbsdeltiof tboHlBlidpplf Wlul or tlu Gangei r Do 
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IBS. From Ibe erklMMe thni presMitMl rsEpeotiilg the RDoaBt of mfsBral 
BuUer catried by riven into the aaa, It is attogether probable Uiat aecnma- 
laticns us now Icmiiiig oa tbe bed of tile aceiu on aa large a scale ai at 
■sf ftffiner period. The sedimenttur matter thus deported, moraover, wQ 
take tbe form of stmta, aa the amount of sediment swept iato tbe ocean &om 
the land ia not constant, and ia derived, at different times, iu lai^r propor- 
tioa from some districts than from others. Snch formation would inclade 
also the remains of man and hia productiooa, and of land and marine " n i ii iiB 
and vegetables; so that if the bed ofanj ocean, as that of the AtlanUc aloDg 
the coaat of the tToited States, should ever be elevated and converted into 
dry land, the future goologtsts, by exploring its successioo of atrata and stady- 
log the (bssUa contained io them, would be able to form ft very correct 
opinioD aa (o tho coodttioua of lilh and climate that prevailed ia the vitnnitj 
at the time the depoaila in question origioatcd. 

156. Waves, Tides, and Oceanic Currents act in pro- 
ducing geolf^ical changes iu the same manner as streams 
and rivers. They all waste and wear away the sea-coast 
in exposed districts, and deposit the abraded material, ia 
the form of mud, sand, gravel, etc., iu other localities. 



The abrading power, which wavea are capable of ezertiag upon any par- 
ticular coaa^ varies of couise, with their own magnitude, aa well aa with the 
nature and pcsitioa of the locks exposed to their action. Ur. Stevenson, tbe 
eelebrated Euglisb engineer, proved, by experiment, some years since, that 
the ibroe eierted by the waves of the German ocean during a atorm, in favor- 
able atoationa, was about one end a half tons per squato fbot, and by the 
waves of th'3 Atlantic three tone. 

Qcnmova. — Are mccumalLtlaM prot 

IlwaMlai>«r<invwaii eouMTHTT What U Ull Mtlxuled powar of « 
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jLooMt-MD^ consUdng of eoHoIi^ and Bauds, willBuflin mora waato than 
one composed or saudstonea and ahale^ and tlraw, again, will yield mors 
readilj than dlOs of bitftJt and granita. Faitbei; etiaU that dip aeaward, 
and present, breakwater like, tbMT natural ihipei to the actioQ of Ule vaTea, 
as in Fig. 91, will sofik' leas than those whose outcroj^kig ridges are preaented 
to the Btoim, aa in Pig; S2. 

FiO. 92, 



It oeca^onall; happens (aa m the case represented in Fig. 92) that tin 
waste produced at Brst hy the . action of the waves accumolatea at the base 
c^a'clif^ and fbrms a natural rampart preventing further deetructioD. It ii 
this coudilioa that is frequentlj imitated by engineers when they derire to 
prevent furtlier encroscbmenta of the sea on an exposed coast. 

151. Striking examples of the erosive actioa of the ocean upon the land 
might be dted ahuost without number. Thus, the Et^lisb Cliannel is sup- 
posed to have been excavated by the ocean, inasmuch as the geological fea> 
tUKS of the coasts of England and France clearly iadicate that they were 
Ibrmerly united. During the thirteenth century, a strait, half as wide as the 
English Chaunel, was formed in less than 100 years, separating Frieslaud 
from the north of Holland ; and Islands in the German Ocean, and towns and 
villages npon the coast of England, have also been entirely swept away by 
the sea within tbe historic period. 

In the United States, the bold, rocky coasts of New England in particolar, 
exhibit abundant evidence of the abrading power of the ocean. In many 
localities the locks are scooped and hollowed into the most Inegnlar shapes ; 
and frflgmenta, which once constituted part of the munland, may bo obserred 
standing detached at seme cou^erable distance from the shore. (See Eig. 
9B.) Boston Harbor has evidently been fbrmed in great part by tbe wasting 
agency of the ocean ; and manj* of the islands in it, which were once parts of 
the iMntiDent, have only been preserved tivim destruction, during the last 
few years, by artiBcial embankments. At Cape Uay, on the north ride of 
Delaware Bay, tiie sea has eocroadied upon the land at tbe rat« of about 
nine feet in a year; and at Sullivan's Island, in Charleston (S. C.) harbor, it has 
advanced a quarter of a mile in three years. Great accumolation of pebbles 
are common along many coasts, and seem to remain statiomuy, ^nce there 

<t™Tiim.— What im •eiiia cmnplai of tiu aiMtve adUoa tf Uu wavM U Eanptt 
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are bIwi^S p^bti ofpebblM to be fbaod In tht Bame p]Bc«B ; imt if Umm we 
watebed, the 8ccuimilaU<au will be Sxmd to coiMi«t of dilKa^Dt pebblee boa 
d*7 to ^, each pebble being in tun vaahed from ita place, which ia occn- 
^ad bj another like it 

158. The action of tides and oceanic currents is chieflj manifested in their 
power of transporting and aaoortiDg the debris borne into the ocean bjriTen, 
or pradnoed b; the eroaion of vovee, or ariaii^ fiom. the growth and de- 
cay t^marine aninula and plants. The aotioD of tiie tidc^ especiaUy, is that 
of ctmstant dapoaition, and i% in a maasnre, antagonislio to the action of 
WMsa and stormB. 

Flo. 93. 



The cbaoges produced apon oar own coast hj the tides are not only geo- 
logically interesting, but of the utmost importance to the trade and naviga* 
tion of the coaDt:7. At Sandy Ilook, New Yoric harbor, for eiample, where 
there ia now dry land, there were, in 1836, forty feet of water. In 176T, 
there was an open shipM^annel Irom Barnstable Bay, Mass., to the ocean ; 
but tlie deposits of tbe tides have closed up the opening and converted it into 
a part of Ci^ Cod. A considerable number of harbors and inleta, on our 
coast, particularly along Uarths'a Yineyard and Long Island, have been 
grai]aally closed by tidal action and converted Into ponds, and in the coona 
of a few years the salt water in them gradually (^vea place to fteah water. 
In soma cases tbe bottom of these ponds is deeper than the bottom of tbe 
adjcining ooean.* 

QaranoHS.—WtutlaBMd of the action of tlduud currenUf Ii tb« Influenos of tha 



•ThkfkstlionoflntiMit, iliiH it la foond tlut ths InkaUM [Uti of ludr doerl^ 
— AMtfca — Bf>haD««i*taf»iitM»,pnw« dndto *^n— 1»^ tb« budaB af tha 
TdlarbaiBK tn (om* tBitaua,belovtta« laralof tha taa. Dgftntta i l iaatae to iha 
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Captain I)atH U.SJir., w the nsoH of hid in^estig^ 
fbat a giMt part of Long Idand has been fi»rmed of matonala aoeumulatod 
by ib» actkMi of the tides. 

169. Marine currents may be regarded as great oceainie rir^^ Their 
transpoiting power kf however, greater than that of terrestrial rivers, shice 
the specific gravity, or sostuning power of sea-water is greaior tiian that of 
fresh water. They also possess an advantage ovet rivers^ in trani^rting 
small, light particles of matter, by reason of their greats depth. Thus, it 
has been found, by experim^ that or(Unary river sediment, mechanically 
suspended in water, settles at the rate of about one foot per hour. A current^ 
therefore, 500 feet deep, and moving at the rate of three miles per hour, 
would carry its sediment 1,600 miles before depositing it. Hence, great de- 
posits of mud may be in the course of formation at the bottom of the open 
sea, even when the sur&ce water is perfectly dear. 

Currents in the ocean are of two kinds, drifi and stream currents. The 
former result mainly from the action of winds and tides, and are of no great 
length or velocity. The latter are of great length, depth, and velocity, and 
are caused by the tendency of water, displaced in the ocean by excessive 
evaporation in the tropics, by the rotation of the earth, and by other causes, 
to maintain an equilibrium. 

The number of these great ocean rivers is very large. One of the most 
powerfbl and extensive is the so-called " Gulf Stream," which, commencmg 
in the Gulf of Mexico, flows in a nOTtheasterly direction along the whole 
coast of the United States, expanding in volume and diminishing in rapidity. 
On striking the Banks of Kewfoundland, it sets to the east, and extends to 
the coasts of Europe and Africa. Its length, from Florida to the Azores, is 
3,600 miles, which is traversed in seventy-eight days, at an average rate of 
thirty-eight miles per day. The amount of water conveyed in it is more than 
3,000 times the amount discharged by the Mississippi Biver — many times 
greater than all the fresh water in the rivers of the globe. In a part of its 
course, near the Florida Gulf, its velocity is that of a torrdnt — ^five miles per 
hour. Mr. Lyell thinks it not. improbable that some of the sediment brought 
down by the ^fississippi may be conveyed by the Gulf Stream as far as the 
Banks of Newfoundland, before it is deposited. • 

Another similar great current exists in the Pacific, and less extensive 

QuiSTiOKB. — ^How maj marine enrrents be r^^rded t What is said of their trans- 
porting poirer ? What two kinds of currents exist in the ocean t How do ** drift** cor- 
rMits origlliate f How do ^streani** eurrebts? What is one of the most remsricaUe 
ocean ourrents? Describe the coarse, length, and velocity of the Gulf Stream. How 
far is the CKtlf Btream suppoaed to convey sediment f 



formation of these ponds they become the home, in succession, of salt water animals, 
brackish water animals, and fresh water animals, thns affording a beantifal demonstra- 
tioa of the geological formation of basins, such as those of London and Paris, in which 
the TeauioBui sacoesslTe races of aaimals are found in a fossil st^te. — Oapt, Dovis,^ 
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OBM fai all the gioai cUvkionS of the different Ooeani^ AH these mont, in 
some plaoeo^ be wearing ctown the bed of the oeean, prodticiDg indentations 
and irregularities in its coast lines, and accumulating in other localities an 
immense amount of detntal matter for the formation of new strata. 

im* Aneieftt ErosiTe letian of the (Vcean. — "As actual sea- 
6Iif& are proofi of the erosive action of the sea now in operation, so, in almost 
all cases, inland cfiffii, crags, scar^ and precipices, as well as vaJleys, ravines, 
gorges, and moimtain passes, are proo6 of the former erosive action of the 
sea, in times when the land stood at a lower level in respect to it ; and the 
dunensions of the gaps and portions removed, combined with the strength 
and durability of the materials, give us a measure of the power of the erod- 
ing forces, and the time during which they were in action." Another won- 
derful example of this agency is to be found in the immense accumulations 
of water-worn materials, i. e^ gravel, sand, and clay, which cover great areas 
of the sur&oe of the earth to a depth, in some i^aces, of hundi^<& of feet 
No one who thinks for a moment over a rounded pebble can doubt that 
it was once a part of a continuous rock, and that it has assumed its present 
state through mechanical action ,* and the same conclusion is also lipplicable 
t& every particle of sand and day. Of the conditions of time and power 
i^qotsite for tiie production of such effects, the mind can form but A fiilnt 
oonception. 




In some districts of country, however, the position of strata fbmishes us with 
very reliable data for estimating the amount of rock which has at a former 
period been utterly destroyed and swept away by the erosive action of water. 
Thus, in cases like that ^own in Fig. 94, no one can doubt that the valley 
at B was once filled with rock, since the position of the strata on both sides 
indicate that they were once continuous, as they still are below the bed of 
valley. In other cases, as at J. and (7, the inclination of the sficata shows 
not only that a valley has been excavated, but that an entire mountain, 
which formerly existed, has been swept off. 

Measurements of this kind have enabled Professor Hitchcock to prove, that 
in some parts of the Valley of the Connecticut, neariy 10,000 feet in vertical 

QOMioira.— WlUkt is add of the aneieBt erosiy« aotioa of the ocean? What inference 
TOKfyr^ drawrfirom^ swamnUtfena of sand and grardf Shor horr we can, in certain 
caiea, approadmately estiaoatt-fh^ anoiinfc of eroaton hjrvater. 
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thickness of rock has been remoTed; or, in otiier words^ that the eoitntiy in 
BomQ localities was cmce nearlj two miles higher t^ian it is at present 

161. "In considering the destractiye action of water, however, we must 
never forget Uiat by destruction we do not mean armihdJation but only re- 
arrangemenL Eock-forming land, that is, rock above the level of the sea^ is 
dest3X)yed, but its materials are carried ofif and deposited, either in similar or 
different combinations, to form rock below the level of the sea." 



SECTION III. 

OBaANiO AGBKOIKS. 

162. The organic agencies tending to produce geologi- 
cal changes are those depending on animal and vegetable 
growth. 

- 163. Vegetable Actioiii — ^The growth and decay of vegetables are 
yearly adding to the soil, and at the same time they protect the surface from 
the wasting action of rain, frosty and the lika One of the great aids to rapid 
disintegration in Arctic countries, and in high mountain districts, is the 
absence of a superficial covering of vegetation — a covering which, on the 
other hand, protects the tropical soil from the wasting effects of the heavy 
rains which &11 periodically in these latitudes. 

Peat I — ^In most of the swamps of the temperate zones deposits of vege- 
table growth, known as peat^ are constantiy accumulating. This substance 
is formed principally by the decay of the fibrous roots of mosses, especially 
of those varieties which continually throw up new shoots from the decaying 
extremities below. When perfectiy formed, peat does not exhibit a fibrous 
structure, and, when wet, has the appearance of a fine black mud. Diy peat 
contains from sixty to ninety-five per cent of carbonaceous matter, and in 
this condition constitutes a valuable fueL Deposits of peat are, in some in- 
stances, from thirty to forty feet in thickness, and may extend over conader- 
able areas of the earth's sur&ce. A peat '* moss," or bog, on the River 
Shannon, in Ireland, covers an area of 150 square miles. In tropical coun- 
tries peat is rarely formed, on account of the too rapid decomposition of the 
vegetable matter. 

Great accumulations of vegetable matter also result from the waste and 
decay of forests, jungles, and cypress swamps, and from vegetable drift of 
rivers. On a branch of the Mississippi — ^the Atchafalaya — ^in Louisiana, the 
quantity of drift and water-logged timber that accumulated in thirty-five 

QuronoiiB. — What fact mnit be taken into consideration in estimating the destrno- 
tive action of water? What are the organic agendei t^iding to produce geological 
changes t What-is said of vegetable action f What is peat f What is said of the loca- 
tion and extent of peat-bogs ? What of r^^etable drift of rivers ? 
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T^eixB was mfficietit to fimn a raft ten mfles long, 220 yards wide, and eiglit 
feet deep. The whole rose and fdl with the water, and yet beoame oorered 
with growing vegetation, and of course with soiL This raft went on mcreas- 
ing until about 1835, when some of the trees upon it had grown to the height 
of sixty feet Steps were then taken, by the State of Louisiana, to dear it 
away and open navigation, which was efiE^oted, with great labor and expense* 
in the space of four years. Similar rafts are now in existence upon the Bed, 
the Washita, and other rivers flowing into the Gulf of Mexico. 

The prodigious quantity of wood drifted down by the Mississippi and other 
large rivers, which pass through heavily timbered regions, is a subject of 
great geological interest^ since it illustrates the manner in which an abundance 
of vegetable matter becomes, in the ordinary course of nature, imbedded in 
sub-aqueous deposits. Thus, a part of this wood is carried into the main 
ocean, and conveyed by currents to remote latitudes. Some of the timber, 
for example, that comes down the Mississippi, is believed to be transported 
by the Gulf Stream as &r as the shores of Greenland or Norway. The 
greater portion, however, collects in eddies or on bars along the shores, and 
after a time becomes saturated with water and sinks to the bottom. Tho de- 
posit thus formed becomes covered with mud, and this in turn is overlaid 
with other layers of drift wood and sediment ; and thus, in the course of time, 
successive strata of nearly pure vegetable matter and earthy sediment are ac- 
cumulated. 

It is found, in excavating at New Orleans, that the soil (which is a part of 
the delta of the Mississippi), to a depth considerably below the level of the 
sea, contains innumerable trunks of trees, layer above layer ; some prostrate, 
as if drifted, others r^naining still erect, and with their roots spreading on 
all sides, as if in their natural position. 

CkMtl, as will be hereafter shown, is but a mass of mineralized vegetation, 
and under &vorable conditions all the various vegetable accumulations above 
described would constitute similar mineralized deposits. 

Action of Animals. — ^The mode in which animals tend to affect the 
crust of the earth is chiefly by adding their waste secretions or coverings.. 
It is true that the bones and other remains of tl^e larger animals are oflien 
buried in the mud of lakes and rivers, there, in time, to form solid petrifac- 
tions, and leave records of the past life of the globe ; but such an effect is 
trifling eompared with the accumulations of shells, inftisonal remains^ and the 
productions of coral animals. Many moUnsks, as oysters, clams, and musdes, 
live in beds of considerate thickness, and if buried in sediment on the bottom 
of the ocean, will, in time, form layers of shelly limestone, like those occur- 
ring anumg the strata formed in past ages of the world. On many coasts 
we abo find thick accumulations of drifted shells; and the marl, or whitish 



QimnoKa.— What are remarkable illustratioiui of river drift t lUostrate the maimer 
in which vegetable matter may become imbedded in itrata? How do animala aflieot the 
emst of the earth? lUiiftratotUif What orgwde ageat ia moet faflwwittal In prednctog 
geological changeef 
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Bnid, tdiich coitstitiitea (be bottom of maiij S^eah-WBter lakaa, Is often almoit 
whollf compOBed of firesh-iratar sbelte and the ramains of iofuMria. 

164. Corals. — But the most important and wonderful 
ezMbition of organic ^^ncy in modifying the cmst of the 
earth ia found in the operations of the coral polyps. 

Endowed with the power of Becreting lime from the walere of Uie ocmb, 
Utese minats aoimals cooEtRict banks or reels of coral rock around averjr 
island and shore of the tropical oceanic where conditions of depth and car- 
rent are fiivontble to their devebpment Han; of these ree^ in the Faoiflc 
and Indian Oceans, extend for hundreds of mile^ and are of great breadth 
and thickness. Thus, on the nMtbeast coast of AostraJl^ a coral reef exists 
which is more than 1,000 miles iu length, from ten to ninety in breadth, and 
Fia. 95. 



in some places rises, at ila _ Jia of at least 1,800 taet 

This reef ia parcel witb the slion^ but at a consderable distance Atnn il^ 
i «., from twen^ to sLz^ miles. Another mei, aloi% the island of New 
Caledonioi is 400 miles imig ; sod many othets in the Facifrc have a neai^ 
equal exteoEioD. In Eaot, "the absolute area of sea-bottom, in this ocetui, 
thus occupied at intervals by the work of the otwal aniznsls, is so enormous 
that it would be difficult to pHntll°l it by reference to any exiatiog mountain 
district." 

4innii>iiB.-7W1istl> ths nUnnef thtacUoBtt OMeenJ atiiBal*? WhMliNldif 
the eiWot tt liieli opanUaua? 
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" Ilia atdmalg wMch produce oonl ato toj ninpla, and tsaesUtls jlHit^ 

both in th»r figures and colon. Indeed, tbe^ wet« foniMrl; deicribed u 
marina plaats. Thar vaiy in size fiton amiunta fraction of an loch toBereral 
iudtes in iliMnntnr ; aod live eiUier aolitarr or sesooiated in immense num- 
bers. From their reaemblaoce to plants, tlie coral animwhi, aa a daaa, ue 
oficD called 'zoqphTtes.' 

" The coral secreted by the pdypa la not a collection of cells in which the 
animals may conceal thenuelree^ but an Internal skdekmj nor do the^ ex- 
hibit anjindosby or instinct in £»ming it, but it reaolta from Tital processes in 
their srstom, which they no more control than do the more higlily organized 
fltti""''" the fonnaUon of th^ bones. ETery part of lire coral also is whoDy 
enveloped by the texture of the polyps wUch pn>duced it." Figs. 95, 106, 
and IIT, represents smne of tile vaiieties of ccnL 

The coral ptdyps inereww mainly by bods, which aboot out from their sidea 
in a maoner tixnitar to the Imda of plants. Oa coral Ibrmatioos theae buds 
spread out ao thickly aa to slt^ the life withinj and benoe, aa the proc«es ' 
goes on, bH is a dead maaa except jost at U>e soi&oe. The reef-building 
cor^ are ftirtbermore liitdted in th«r raoge of depth, add operate only 
where perpetoally C07ered by the tidsa «Dd dowBWMd to the extent cf 
120 to 180 &et 

Fl9. S$. 



The growth of cwalBtmctares to extremely Bk>^ and the rat« of incraaae 
has been eatimated to be aboot a half an inch per annum. The seas, how- 
ev^, in which corals occur, abound also with shells and other Taarine ani- 
mals, which by their remains cootribnte greatiy to augment tbe mass of the 



Three dasses of com! reeft are recogniMd; Krat, "fringing ree6," or belta 
of coral attached to the coasts c^ Islands or continents; 

Second, "barrier reelh," which form rising walls at some distance from tbe 
land, and between whiah and ttie land a broad, sate lAanoel frequently e^atK 

QcKnom.— TlHtlii^dor tbeitraeMTtof ttH «nl HDliiwIar Wlut nlstton «< 
tb«ui>^nHk«ut«lti toaaoi^uiiiin that prfidii«fli Ltf DaUweoi ' -----<-■- 

tBOa of mtaf r HatrfMt dots «nil iBsmMT Bof murf alai 
Bdr WbttwitMatlaaitiittr Vbunrebirrlsr mAt 
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Soeh re^ are, in lome Inetancei, mnetj mDeB in diameter. Oa the ocean 
side tb^ terminate abruptly in deep water, but witiiiii, the slope is gradoaL 
Fig. 96 repreeeDts a banier reef endtt^g the island of BolaboU, lu the 
Padflc; it will be observed to be entirely aeparated fiom the island and 
oorered witii trees: 

Via. SI. 



nUnl, eDdrcUDg neb, or "atBlt," as tli^ are called. These are tlie most 
oommoo fi>nn of cotal iEJUuids fimnd in the FaciSc The diameter of these 
enciidiDg reeb varies lh)m one to forty miles, and their breadth from a IW 
Tards to more than a n^e. They inclose a space of qi^et waters, called a 
lagooa, which generally communicates with the oceaa by one or more opeti- 
ings through the leeC ^E^. 97 represents an "atol" of the Pacific, known 



QmsnoH.— What irs tba clmntcteriitlcB of 11 



* " The ftppeuuee of tliua coral LakadA 1a extnunel^ ] 
land, of circular or oral ahApe, and n few bundred yarda tt 

nter-nurk, ind Is fringed irltb nungroiei ud ofboi dotted mtD cocon-nul pumi. ue- 
tna IhetHudths nler ii a bcuh of gtlUerlnB irhilg luil, tb« ODtar margla ofirhlch 
la vulRlad by anothar ring of niow-sblM bnaken, bayoiid vUdi (CSlD an tba itA 
luaTiiig iralva of tba open 5coan. The Inner beacb InclaaBi tbe «a]a, dear irater of 
tliB lagoon, mtlng, for Urn mast piii, on vhlte Band, and ihoiring th« moM TiTld greea 
color when Ihe ann la ahlnlng." 

"TtwoeanD," (ayaKr. Danrio, "tbmrlng Iti breakers on tbe oaterrtun, spears 
■olDdnelbleuHmyiretwsiealtreaMed, and ereD congnend, b; DMua *bleh ■( Snt 
■eem nsk and ineffldent No peilodi of npoM are gianted, and tbe beary anU eanaed 
b; tbe eteadj' action o/ tbe trade vind nerer ceasea. Tbg breakers exceed In Tla1«ie« 
tboM of anr tsmperale reglwu i and It Is Impoaidble to beboM them iritboot fMlng s 
eoD^ction tbat mcka of granite or qnarti muld nltlinatelr be demollelwd bj saeb tr- 
n^adble fucaea. Yet tbeie low coin] lilaada stand and are Tiebniona, for bars anothar 
ponr, aniagonlstio to tbe foRnsr, takee part In the eonlaat . Tha orgaolo forcia agparate 
Ui *alo nu of oarbonataof lima, one by one, ftem tbe fiiamlag breakan, andnnita then 
luLo a ■jmniatrleal stmciare ; myriads of aroHteeta ara at work daj and nlgbt, month 
after nioolb, and we aee their eoft and gelatiiioni bodies, tbiougb the agener of the Tibd 
lavs, conqDerlDg Iba grctt meebanloal poirer of tbe vsTes of tbe ocean, vhlch DeltheT tba 
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Coral reefb, aa has been stated, consist of living corals only at tbeir tipper 
and outer sui&oe ; all the interior is composed of dead corals and sh^ls, 
either whole or in fragments, and the calcareous portions of othw marine 
animals. The interstices of the mass are filled up and compacted together 
hy calcareous sand and mud, derired from the waste and debris, the wear 
and tear of the corals and shells, and hj countless myriads of minute organ- 
isms^ mostly calcareous also. The sur&ce of a ree^ wh^re exposed at low 
water, is composed of a solid-looking st(nie, which is often capat^e of being 
q>lit up and lifted in slabs, bearing no small resemblance to some of our old- 
est limestones. These slabs and blocks, when broken open, are frequently 
^nmd to have a semi-crystalline structure internally, by which the forms and 
the organic structure of the corals and shells are more or less disguised or 
obliterated. 

When a growing reef has reached the lerel of low water, the growth <^ 
coral ceases, and loose materials beg^ to accumulate upon its summit 
Large blocks of coral are thrown up by the waves and gradually ground into 
calcareous sand and gravol ; sea-weeds and wood are washed up, and upon 
the soil thus formed vegetation commences, and the re^ finally becomes a 
habitable island. This action, on our own coast, is strikingly illustrated in 
Florida, the southern portion of which State, according to Professor Agftada^ 
"i» only a vast coral bank composed of a series of reefa, whidi have suoeesa- , 
ivdy grown up firom the bottom of the sea to the surface, and have been 
added to the main-land by the gradual filling up of the intervals which sepa- 
rate them, with deposits of corsJline sand and debris, brought thither by the 
action of tides and currents. On the solid reefs, the action of the waves ac- 
cumulates mud and sand to a height of twelve feet above the sea-level ; and 
this soil becomes rapidly fixed, by the growth of mangrove trees and other 
plants. The intervals being lower, form large fresh-water swamps, filled 
with many kinds of aquatic plants, through which the Indian can only pene- 
trate with a boat. The higher and drier ree& are the so-called *■ Hummocks,' 
which rise like islands from the deep green swamps that bear the name of 
'Everglades.' This formation is still in progress, and the so-called 'Keys* 
which border the Florida coast, are only a new lin^ of hummocks, which will 
eventually be added to the mainland by everglades formed by the deposits 
of the sea" 

The peculiar form of the coral islands and ree& of the Pacific, and the 
great depths from which they rise, has been the subject of much speculation 
among geologists, since, as has been already stated, the coral animal does not 
live in very deep water. The explanation of these phenomena most generally 
accepted, is, that the coral is reared upon a foundation which has gradually 
subsided, and as the depression has gone o^ slowly, the coral has continued 

QU18TIOK8. — ^Describe the stractnre of a conl net. When a groirlng reef has reaehed 
the surfkce of the water, what takes place ? What striking innstration of ^e action of 
Ihe coral animals as fonnd in oar own coast? Describe the formation of the Flortda 
erergladesr To what is the pecoliar form of the coral islands and reefo of the PMtio 
attribated? lUnstrate hov the cireolar eoral islands are supposed to he formed. 
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to gn>w to a oartetpm/^&ng extonl upward. On soi^ a siq^poeitioii, the eir* 
colar coral idaods (as represented in Fig. 97) would incUcato the po(^tion of 
a fiirmer moontaiD, aroand which the coral has fi)rmed a fringe or ree£ As 
the iBoamtain oontinaed to sink, the reef would draw inward aix>aQd the sum- 
mit, and flnallj*) as the somaiit went tmder, the reef wocM still remain a rmg, 
wi^alakecnrlagocMi in the center— for the pcdjpe could not work in the middJk^ 
till tbe whole was suhmerged, and even then, these animals prefer the c^n 
aea. The dep<^ of watw in the immediate proximity of such islands, is, as 
might haye been expected, almost un&thomable. Thus^ in one instance, 
noticed by Mr. Dana, in the geology of the U. S. Exjdoring Expedition, 
the souniUng line, within three quarters of a mile of the shore, ran out, first 
2,000 feet; then at a short distance further off, 3,000 feet; and at seven miles 
from tiie shore, no bottom was found at 6,800 feet. At Keeling Isluid, 
anotiier coral island of the Pacific, no bottom was found with a line T,200 
feet, at a distance of only 2,200 yards from the shore. 

The rtudy of the action of the corfd animals in existing oceans prepares 
the mind of the geologist for the inyestigation of operations of a similar char- 
acter, which have taken place in the seas of former periods of the eartii's 
history. Many of the limestone rocks, which now form portions of the dry 
land, are undcmbtedly ancient coral re^ whidi i^pear to have been formed 
wadet ocmditioiia analogous to tiwfe which now prevail in iib» waters of ike 
Ftacifia 

SECTION IV. 

CHEHIOAL AaSNGIES. 

Tlie changes in the structure of the earth's crust, re- 
sulting from chemical agencies, are numerous and compli- 
cated. 

Tbey have, however, been noticed, for the most part, in previous secticms. 
Thus, the formation and de^)osition of travertine and calcareous tufa^ stalac- 
tite, and stalagmite, silicious sinter, bog-iron ore, hydrate of manganese, 
gypsum, rock-salt, and the cementation of various sands into compact rodcs, 
are all the result oif chemical actioa Many of the {^nomena connected 
with volcanoes and earthquakes may also be referred to a similar origin. 

In addition to these results, which especiEklly appear at the earth's surface, 
chemical forces, called into activity by the agency of beat, water, electric and 
magnetic currents, are continui^ operating in the interior of the earth's 
crust to produce changes or metamorphism in the structure of existing rocks, 

QuJWie iiB.— Whiit facto tend to coafljm tids theory ? Why to the study of coral growth 
ofpeetil«rlntez«tttogeolo«;ifltsf WhattosaJdof the changes la the earth*s crust effiscted 
tlttoo^ oliemkalageneiet? What aie seme iUostratioBS of thto action $m the eairth** 
■arfiboe? 
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Tiz., hardening and consolidating some strata, softei^g and dissolTing avay 
others, filling fissures with metfidlic ores, and elaboratihg new compounds bjr 
the xmion of different substances. 

M. Bisch(^ a German chemist, who has made diemical geology "a special 
study, asserts that aU rocks, tlm)ugh the action of chraiical forces, are con^ 
tinually subject to alteration, and that their sound appearanoe is no indica- 
tion that alteration has not taken place in them." A detailed discussion of 
these subjects, however, presupposes a somewhat extensive acquaintanoe witk 
tiie &cts of -terrestrial chemistry, and would be Ibreign to tiie plan of th» 
present work. 



CHAPTER IX. 

CLASSIFICATION OP THE MATBHTAT^ COMPOSING THE 
EARTH'S CRUST INTO PERIODS, SYSTEMS^ AND GROUPSs 

166. To a mere casual observer, the different mineral or earthy materials 
OGnstituting the crust of the globe must appear to be thrown together con- 
fusedly and without order. Such, however, is not the case; but all the vari^ 
ous rock-formations have been found capable of arrangement into divisions or 
classes, which occupy defioite positions in the earth's crust, and have un- 
doubtedly been formed at different epochs of the earth's history. 

• The fundamental idea involved in every system of 
classification of rocks, is that of relative age. 

This, in the case of the stratified rocks, may be determ* 
ined : jfirstj by the relative position of strata ; second, by 
differences in mineral composition; and, thirdj by dif- 
ferences observed in the nature of the imbedded fossils, if 
any such are present. 

166. It is evident, in the first instance, that the various layers, beds, or 
strata constituting the crust of the earth, are the result of a succession of 
operations, all requiring time ; and that in every case, except whwe beds 
have been inverted by violence, the lowest in position of a series of strata 
mnst be the oldest, while the other superimposed layers must have been 
subsequently formed, in the order of their upward succession. 



QuxsnoxrB.— Do oLangeB throogh ohemieal action take place in tiie interior of tba 
earth ? Do the earthy materials composing the cmst of onr globe occur confiuedly and 
vithont order? What is the fundamental idea involved in every Byatem of daasifleatiom 
of rodu? How may the relative age of the stratified rocks he determined ? How does 
the poidtl<n of strata indicate their age? 
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]tf the taniocui hjtm of stratified rooks extended tinifbrml/ over the whole 
globe, and bad never been disturbed or broken, they would mdose one 
another, and envelop the earth m a manner sunilar to the oonoentric coats 
of an onion; and the determination of tiie relative age of all the strata could 
be aocuratelj ascertained hy simply determining their relative position. 
There is^ however, no place on the globe where anj such uniformity prevails^ 
or where, if a section was made sufficiently deep into the earth, all the vari- 
ous rocks would be fimnd superimposed in order upon each other. 

The reason of this is not difficult to comprehend, since, as changes in the 
distribution of land and water are known to have occurred at every epoch 
of the earth's histoiy, particular portions of its surface must have been suo- 
ceesively dry land and sea-bottom ;* and as the stratified rocks have been 
fcNined by the deposition of sediment in water, it is obvious that those por- 
tions of the globe, which constituted dry land during the formation of a de- 
posit in a surrounding ocean, could have received no portion of such deposit, 
and therefore we find, as might naturally be expected, that certain varieties 
of rocks are restricted to particular localities. 

167. Differences in mineral composition may also aid in determining the rela- 
tive age of rocks, inasmuch as some mineral substances have been deposited 
more abundantly at certain periods than at others. Thus, the occurrence of 
extensive beds of chalk characterizes and ^ves name to a system of rocks^ 
known as the " cretaceous" or " chalk" formation ; while beds of rock-salt 
and of coal are usually found associated with other rocks of a distinctive and 
peculiar character. If rocks, moreover, belong^g to one formation are found 
to contain imbedded fi'agments of another formation, the evidence is con- 
clusive that the rocks to which the fragments belonged were formed, con- 
solidated and broken up, before the others were deposited. 

168. The evidence, however, upon which geologists mainly rely for de- 
termining the relative age of rocks, is the character of the organic remains, 
or fossils imbedded in them. An examination and comparison of these have 

QnitTioxB. — Do the rarions layers of stratified rocks extend uniformly over the whole 
C^obe ? If such were the ease, how coold we determine the relative age of rocks t What 
is the reason that all the stratified rocks are not everywhere found imposed in order upon 
each other? How do differences in mineral composition aid in determining the relative 
age of rocks r Blostrate this proposition. Upom what evidence do geologists mainty 
rely for determining the relative age of rocks ? 



* **The mere place and outline of the dry land has frequentiy changed. Most of our 
present dry lands have been deep-sea, and then dry land, and then deep-sea again, sev- 
eral times ; and the same thing has probably haiqpraed to those parts of the earfh*s«iir- 
face that are now covered by water. The solid crust of the earth seems to have been 
always subject to a gentle fluctuating movement of elevation and depression, affecting 
first one area and then another, while large parts remain stationary for long periods, 
until thay, in th^ turn, are moved, and the others left to rest. We may look upon the 
dry land of any period, therefore, as merely so much of the solid sarfSitee of the earth as 
happens to be taking its torn to stand above the level of the sea.**— London Quarteriy Bt» 
vtmot «^t^« 186^ 



eilmMiflfaed iiie imftorttait &et, that difl^reat noes of animals aod plants liTod, 
fignrished, and became extmct at different epochs (^ the earth's history, and 
have left their Ibrms impressed or imbedded in the rocks deposited oontem- 
poraneooalj with tike penod of th^ existence. The fossils, therefore, peculiar 
to eac^ geologicBl formation, or group of rocka^ have distinct and recogniz- 
able characters ; and a geologist who has once rendered himself fiuniliar with 
these characters is enabled to readilj determine, from the presence of certain 
forms, whethtf strat% geographicallj remote^ as in America and Europe, were 
d^KX^ted at the same, or at different epochs. 

Furthermore, the oiganic remains found in any series of strata have a dis* 
tisct relation to the circumstances under which the materials composing such 
strata wero accumulated. Thus, it is dear that the layers of mud, sand, 
day, and gravel, depositing at the present day in tropical seas and lakes, will 
ooi^ain more or loss of the remains of animals and jdants peculiar to the 
tropics; aod dsposits forming in teo^iierate regions will contain in like manner 
the remains of animals and i^ants pecoUar to ten^)erate cUmates; and should 
a time arrive, when these layers 9X% converted into solid strata, the fossilized 
plants and animals contained in them will become a certsun index to*the 
CQnditi<H[is of the region at the time of thdr entombment And as with de> 
posits now in progress^ so with strata constituting the solid crust of the 
g^be. Strata abounding in shdls, corals^ and other marine remains, must 
have been deposited &om the sea; while liiose containing fresh water plants 
and animals, mingled with Ihe remains of land animals and v^etables, give 
unmistakal^ evideeace of having or^inated in lakes of fresh water or at the 
mouths <^riv«raL 

These and similar t»n(^08itions are so apparent, that Uie student can have 
little difficulty in comprehending the prindples upon which geologists have 
proceeded in classifying the different rodc-formations of the globe. 

169. As 1^ tmsiaratified <^ igneous rocks ocour in no 
regular order of succession, and are not diaracterized by 
the presence of fossils, their relative age can only be in- 
ferred from an examination of the stratified rocks with 
whkk they are associated. (See Fig. 112.) 

Thus, if igneous rocks are found displadug and breaking through eaij set 
of strata, they must be more recent than tiie strata disrupted ; and if another 
set of strata overlie these igneous rocks, then the latter must have been de- 
posited^m water at a period subsequent to the igneous eruptions. 

1^0. Progress of Oeologieal Classification,— A brief review 

of the history of the progress of geological dassification is almost indispens* 

■^ IMI^— ^^^M II I I— p^— I, ■■■■II. ■ , ■^■^■i^»l II ■■■ .^ , ■■■■■■ I ■ ■ ■ll». I .^_^^,^ 

QaHntHnff^—Sliistrata thii propoaitioii. What relation have the organic remains, or 
ftlMil^ femad in strata, to the drcnmstanoei imder vhioh the strata were fbrmed? Show 
hoirthifis. HovmayflierelatiTe age of the igneous rocks be inferred 7 Illustrate thia 
hy example. 

8 
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able to enable the learner to tmderstaad how geologiata liaye been, led, atop 
bj 8t^ to tiieir present oondusiQDS, and in what manner yarlous technical 
terms have originated and been introduced into geological nomenclature. 

Most of the hypotheses put forth by the earlier philosophers respecting the' 
geological structure of the globe were more curious than instructiTe ; and it 
is only within the last half century that any very correct notions upon the 
sdbject haye been arrived at 

Li modem times, geological facts first began to exdto attention in Italy, 
in the early part of the sixteenth century. The strata of the Italian moun- 
tains are slngulariy rich in fossU shells ; and when these remarkable objects 
arrested the attention of thoughtful men, controversies arose, whether they 
were really the remains of living creatures or the productions of some mys- 
terious power by which the forms of such creatures were mimicked ; and 
agam, if the shells were really the spoils of the sea, whether they had been 
carried to the hills by the deluge, of which the Scripture speaks, or whether 
they indicated revulsions <^ the earth of a different kind. These questions 
occupied the learned wwld for nearly three centuries. 

One of the first persons who applied a sound and vigorous intellect to 
these subjects was the celebrated piuntor, Leonardo da Yinci, and a {philoso- 
pher by tiie name of Frascatora^ whose attention was engaged by the multi- 
tude o£ curious petrifactions which were brought to light, in 1517, in the 
mountains of Yerona^ in quarrying materials for repairing the city. They 
exposed the absurdity of the theories which referred these petrifactions to a 
certain plastic force in nature that could fashion stones into organic forms, 
and maintained that all fossil shells once belonged to living animals, and that 
the deluge of Noah was too transient an event to explain the phenomena.* 

171. The truth, however, made but slow progress in the &ce of the estab- 
lished prejudices of the times; and as late as 1617 we find distinguished 
Professors of Anatomy, and learned men, in Italy, Switzerland, and England, 
maintaining that the fossil ivory tusks of elephants were mere earthy con- 
cretions, or that the bones of elephants^ mastodons, and huge marine animals, 
found imbedded in the earth, were those of giants, or even of the fallen angels. 

172. In 1680, the celebrated German mathematician, Leibnitz, first pro- 
posed the theory, that the earth was originally in a state of igneous fhaion, 
and that its sdid crust was the result of a gradual cooling. He also insti- 
tuted a division of rocks into stratified and unstratified — the former term 

QuxBTiOHS.— What is said of the earlier geol<^cal liTpotheses ? Where and when, in 
modem times, did geological facts first attract attention ? What questions arosb among 
learned men respecting fbssQ shdlsf Whoirere espeoiaUy adrocates of the realitj of 
tbdr former eziitence? 



* ** Ton tell me," says Leonardo da Yinei, in one of his statements, '* that nature and 
the influence of the stars have formed these shelly forms in the mountains ; then show 
me a place in the mountains where the stars at the present day make shells of diflbrent 
ages and of different spades in the same place. And hoir will jron explain the gravel 
whioh is hardened into rocks at different h^ghts in the monntains T 
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^bradng rodkB deposited (torn WBler, and tbe latler tix)0e wbkb htA eon- 
iBoMated from a melted state. 

173. In 1766, Lehmann, a German miner, proposed to diyide rocks into 
three classes; the first and oldest to be called primitiffe (comprlafaig the 
igneons and metamorphio rocks); tiie second to be tenned sw^ndmy (com- 
prehending the aqueous or fbssiliftfoas strata); while the remainder, or third 
dass, called hcalt indaded the sapposed effects of local floods, and the do- 
luge of N'oab, and corresponded to what, in modem classificatioiffi, are known 
as aUuvium and drift. In the primitiye dass (sodi as granite and gnu^asX he 
said, there are no organic remains, nor any s%ns of materials derived firom 
the ruins of preexisting Todka, Their origin, therefore, majr have been purelj 
chemical, antecedent to the creation of human beings, and probably coeral 
with the birth of the world itselt The secondary formations, on the contrary, 
which often contain sand, pebbles, and organic remains, must have be^ 
medianical deposits, produced after the planet had become the habitation oi 
flTiimals and plants. This bold generalization formed at the tune an import- 
ant step in the progress of g^logy, and sketched out correctly some of the 
leading divisions into which rodcs may be separated. — ^Lyell. 

1*74. The next important advance was made by Werner, an eminent 
German mineralogist. Professor in a mining school at Freyburg, in Saxony. 
He asserted the existence of four rock formations, which originally extended 
over the whole globe, and followed each other in an invariable order. The 
first and lowest of these, termed *^ primary'^ or ^^primiiivej" induded granite 
— ^the basis ; then mica-slate and day-slate — crocks of a crystalline character 
and wholly devoid of organic remains. Besting upon these, "Werner taught 
the existence of a series of strata, intermediate in character between the 
older and the newer formations, having to some extent a crystalline texture, 
but yet exhibiting occasionally signs of a mechanical origin and also a few 
organic remains For this group, whidi ai^>arently formed a connection be- 
tweed Lehmann's primitive and secondary rodcs, he proposed the name of 
** transition." The rocks belonging to it consisted principally of slates and 
schists, an argillaceous sandstone, called "graywacke," and some lime- 
stones. Succeeding the transition were regular fossiliferous strata*— sand- 
stones, limestones, coal, gypsum, etc. — ^which he termed ^'secondary-" and to 
every deposit more modem than the secondary he gave the name " aUuvial" 

These divisions were extensively adopted by geologists, and have con- 
tinued to influence, more or less, the systems of classification down to the 
present day. Tabulated, they appear as follows : 

1. AxLTiTLAX — Sandj gravely elat/^ etc 

2. Secoijdabt — I'osail'i/erous rocTca^ with a mechaniedl structure. 

8. T^Axemov—ParHdUy cryetalUne, partiaUy meehardcal^ and somettmee foe^U- 

fercms. 

4. PxDiAjiT OS FsaauTvZ'-Crpatdaine, €md toholly wanting in/omiU^ 

QUBBTZOKB. — ^Did correct geological opinions soon receive the support of scientific men ? 
What theory w«s proposed by Leibnitz? What divisions of rocks were proposed by 
Lehmann? Who next was instrumental in advancing the science of geology? What 
were the views of Werner ? — - - 
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WtamtmnomAitmJLiSl nookf, «b9 fltmtiied «fl villas tb9 tmlnMlifiMl^ 
were deposited firom water; and that yeins were fiUdd bj suUter infaar^ affH 
finm above in aqaeoossolatioii. On aoooont of this refiwenoe of all geologi- 
cal deposits to water, his theovy was oi^lod " Neptunian."* 

Its. Iffeaily at the same time, a Seoteli gec^oglBt, by the name of H«t«eo, 
poblshed a "Theory ^tiie Earth,** of^Mted m most raapeete to the doctrines 
of Werner. He taught, that tiM rocks which totm ear present contments 
were derired from the ndns of former oontinents^ which were abraded and 
carried into the sea by the agency of rannlng wi^er ; jnst as the sune agency 
is now spreading over the bottom of the ocean deposits of mod, sand, and 
gravel. Granite and trap rock8» he asserted, weie of igneous origin, and 
have been intruded in a melted state kito fissures in the earth's crust The 
crjBti^llne straliied rocHOf induded in the dassns ^'primaiy** and ^'trans^ 
tion," of Werner, he regarded as merely sedimentary strata, altered by beat 
— a snppositicm whidi accords very well with the views at' present enter* 
tained respecting the origin of the metamorphio rocks. ^ 

Tl^^se rival theories excited a contioven^ among the sctontiflc men of 
Europe, which fbr years was carried on with a bittCTness and animoatj 
almost unprecedented in the bistciy of suc^ disputes; and all 4|[eok)gi8ts 
allied themselves to various m^iOcAB or sects, under the name <^ " Wemeriofu^ 
or "^fcmtMs;" "motaiUaju^' or '' FhOomsi^ ;'' " Oowkogonieta,'' ''DUmuO^ 
ft9^** ^^ FossiUsUf^* eta, etc. The final result was, that t];ie views of Werner 
were almost univereafly abandoned, and those of Biuttou, in their essential 

iMitares, ad(^ted.t 

■III , I — ^— — — ^^ Ill I I I 

Qcvnoan.— To whsfc eanse did Wener reiisr fhe prodnetten of roeksT By what 
name was his theory designated? Who espedaOy opposed Werner ? What were the 
views advanced by Button? What was the result of the promul^tion of these different 
geological views ? 



*** The theory of W«nier assomed tfai^ the e|Db« had been flrst invettad hy an nnhForsal 
ehaotio ocean, holding ^e material 9t aQ rooki in s<^ti<m. From the waters of this 
ocean, granite, gneiss, and other crystallfaie formations were first precipitated; and 
afterward, when the waters were purged of these ingredients, and more nearly resem- 
bled those of our actual seas, the transition strata were deposited. These were of a 
mixed character, not purely cbemiflal, because wKrasand enmnts had abssady hegu t* 
wear down solid land, and to give rise to pdrt>les, sand, and mud ; nor entirely wit^nt 
fossils, because a few of the first marine animals had bc^n to exist. After this period 
the secondary formations were accumulated in waters resembling those of the present 
ocean, except at intervals, when, from causes wholly unexplained, a partial recurrenee 
of the * * chaotic flnid"* took place, daring which, various trap-roeka, some hi|^ mj w tal 
line, were formed. This arbitrary hypothecs r^eoted all intervention of igneous agency 
— ^volcanoes being regarded as partial and superfluous accidents, of trifling account amopg 
the great causes which have modified the external structure &f the globe.**— Xj/^^ ^^^ 
msrUa of Geology* 

t At iSie present day, the teadenoy among geologists is to the belief that tiia orystalUne 
and compact condition of many rodcs, which has beoi heretofore attrtfonted to tiie action 
of dry heat, should bo rather referred to the agency of heated water, or pMtfMy of steam 
under great pressure. Thus, glass, which is a silicate, allied in compoeitton to many of 
the hardest rocks, can be entirely dissolved by the aoti<m of water, heated under presmiref 
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1^6. Abobt i&td hegiaoki^ of the {maent oontorj, WUlioBi SonHh a Htunble 
eogineer in fiigland, SausBure and Ouyier of Franoe, and others, begaa to in- 
yeetigate the stracture of the earth's crost hi a more philoaophic manner. 
Qroap after groop of strata were examtned, and their relative position and 
fcjmSl oontamts determined a&d oknnpared; and it wan then sbowa, for tiie 
fiist iime^ that strata^ Very remote from ose anotbir geographioidly, eovld 
be identified as of the same age and position, b^ means of the finsils con- 
tabled in them. 

177. As a restdt of these hiVestigatiOns, the following modifications of 
Werner's classification wore adopted, and eontkiaed for mtaxy years to give 
direction and consistMicy to the researoheft of modflva geologistB ^^ 

BmoaatT.'^JU twperJMal ddt^MnnJoMMM, tuch em takd, gnnti^ mm% ete^«, 

peatt corai^e^ €ttc; vihioh contain ih4 r«ma4n9 i^taifidimff a»^ 

maU and plania. 
^KvnAxr.— Local and UmiUd dtpoHtB xif tAitaMjltd rocki^ ctayi, and marlSy 

iyinff h^low the recent »tid above 0U sMondary^ €Md eowkri^n^ ihe 

mmaiHO of afUmaie ihmI pkHUtt •ot digtt^ w k d^y 4f» <tkam^r 

from tAo96 now eeoittinff. 
BxcoNDABT.— /Sfrato of Jbesiliferovs rockSy containing tKe remaina of animals 

and plants^ of epedea entirety different from those now eoalating, 

TMefbrmaUon embraced aU the strata Jbnown ae ^aik^ ooHte^ Has^ 

coaHrmeasweSy and old red-sandstone, 
TKAXsmojx.f~8trata {f doty rooks, argiUaoeous sandstones hnovm as 'Affray- 

wacke^'* limestones^ etc, ; conUUntngfew or nofbssUplantSt and only 

the remains of low onUrs qf marine animals^ tihdlSy cru^acea, corals^ 

etc, 
'PvuiAxr,-~-AU hardy compact^ crystalline rocks, entirely desttttUe of all traces 

of ornfonic remains. In this class were inoltided the da^-sUdes, 

gneiss, mica, tateose, and honMends soMets, and the various guarta 

rocks. 
iQNxouB — SiLcceeding the primary rocJbs, and constUvUng Ike hasis upon which 

aZb the other formations rest, was granite, and other rocks of Uke 

Character, qfasswned igneous origin, 

1V8. CUsiiiloatioiig •f Madorik.Oeoldgisig.— As tke ratott of 
a more extensiTe ezaraiQaticm of the stratified rocks of different conntriea^ 
and e^ieeiany fiom the stu^ and comparison of their fbssild, the aboye 
noticed divisions of the earlier geologists have been for the most part aban- 
doned, and more minute and exact classifications ifistitfited. 

The classification accepted at present by most geologists, 
divides the stratified or aqueous rocks of tlie ewrth's crust 
into ten separate systems or formations, each one of which 

QmBmoMBX-Tfhat iras the condition of tlte sdence of geology sX 1^ commencement 
of the present oentnry ? What daaeifioation of roeki ir«t reeognlMd hj the earlier in- 
Teetigators of thii century? How has « mere e x t enal f o examination of the strata of 
dlfl»reBt eonntrteB sfitol6d danlflefttlonr 
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end Sn seme e^eporimeate of VaSok aeatars, made \ff Didibt^e^ tM riHoft of tfi« \gtias uru 
foud to Imto dryifeaiUseid in the Ibrm af <inttrta. %oity tt !« not improbahle that we 
may haT« had iBBL the fti'eetf of pvenmre, heat, «ttd (he diii<Aving power of water ootti- 
Uned, In the Interior of fh6 earth. 
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includes a great assemblage of strata which, have been 
formed during the epoch of the system, and have cer- 
tain fossil and mineral characters in common. 

The strata included in each system are, in turn, divided 
into groups, each of which is charactaized by some minor 
mineral or fossil peculiarities ; and each group into separate 
beds or series of strata, all of which may have distinctive 
names expressive of some marked feature. 

1*79. If for the sake of illustration we compare the different geological sys- 
tems to separate books (not all, howeyer, of the same size or (Auckness), con- 
taining a record of the earth's past histoiy, then the groups into which each 
system is divided will correspond to the separate parts of a book, the beds or 
series to the chapters, the separate strata to the leaves, and the laminae com- 
posing the strata to the lines of the leaves. The comparison, moreover, will 
seem still more apt, if we bear in mind that each geological system indicates 
an entirely new era in the history of the earth, and each of the subordinate 
groups and series some partial revolution or change in the previously estab- 
lished order. (See Frontispeice). 

Proceeding from the awrfsuce of the earth downward, or from the most re- 
cent system to ihe most ancient, the modem classification of the stratified rocks 
may be stated as follows : 

(The learner wiU he assisted in comprehending (he dassificaUon here given hy 
referring to Fig. 98, which represents an ideal section of the ea/rth^s crust) 

1. PosT-TnrnAST, ob Bbobnt Stbtsm, comprising all modem deposits of rivers and 
lakes, peat-beds, coral-reefs, and all the formations that hare heea pro- 
duced daring the human or historic period. The strata of this eystem con- 
tain the remains of cmimals and plants belonging to species now existing, 

S. Tboiabt Stbtem, embracing the great superficial deposits of vater-wom materials, 
and bowlders, known as ttu» ** drift;" and a suoeession of rogolarly strati- 
fied days, sands, marls, and limestone^ which have been arranged in four 
groups, and named as follows (commracing with the most recent) : pleisto- 
cene, pliocene, mlocene, and eocene. These groups of the tertiary system 
contain the remcdns of animals and plants which belong to species for the 
most part exHnct, but not differing widely from esisting species, 

8. Crauc, ob Obstaceovs System. The fossils of this system are chiefly marine^ and 
belong to spedes which are eesOneL 

4. Oouno, ob JmuBSio Systkm, comprising groups of strata known as the wealden, llie 
oolite, and the lias. The strata of this system abound in the remains of 
plants and animals (Jthe most remarJaOle being those of huge reptUes\ all 
of which belong to extinct species or genera.* 

QtrssTiONS. — Into how many systems do modem geologists divide the stratified rocks ? 
What constitutes a system? How are systems divided? To what may these divisions 
of the stratified rocks be compared? What does each system and group indicate? 
Which is the first system? What are its characteristics? Name the second and Its 
characteristics? Whatis the third system? What is said of the oolitic system? 

* For definition of q>ecies and genera consult % 209. 
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Fid. sa 

St/ttenu. Groupt. TMotiMM » A 



Jdad aeMm ttf O* Atrtk'a On*, ^tailing U< anommmt qf On OVottM ilasti 
<iifD piriedt, Bytlmt, and QrwjH.- and al» (of tAt bua) Ue jiMlHwi and nla^en it^ Us 
^pmuBoclatoait 0r«atIXcUDfUct^CAiSlni(fj)«d Aesb.— (9eeal»FrDntlspelc*). 
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6. TuAMia, OE Nxw Red-Sammtomb Stmcdl— This sjvtem Is uAde op prindpafly of 
strata of red or Tsriegated sandstones and marli^ the'latter of vhidi are often 
noted for containing great deposits of roek-salt; henoe, the system is some- 
times called "the saliferous** (salt bearing) system. M conlaint but/^u 
fouilittehieh In genmrairtmml>U those found it^th^Mi&U Myites 

6. Pboiiak Stbrm, made iq) priaeipally of red-sandstones, marls, and ma^nsian lime- 

stones. JU/ouiUar$e(mg»aniUvel^/eWtandm^(mUdtat^ 
rather than to thi>86 above it 

7. CABBONxnBOVs, OB CoAL-BKABiNa Stbtkk.— TUs system enhraees Os gnat eoal 

deposits of the world, the ** ooal measures,** as they are termed; also great 
beds of limestone and dates, which are spoken of as ** earbonlferons.** Thie 
eyetem ie eharaeterized by thepreeenee, in the *^eoal meaawee^'^ efthe/eedl 
remaine </ • most abundant and remarhaiie trvpiecA 9€g»taHoA, its Mns- 
ttonea abound in marine ehe&e, conUt, etc 

8. DzroiriAir, ob Old Bed-Sandstohb Ststbm, embracing, in KorSi Asacflisa, several 

groups of red, brown, and gray sandstones, shales, and alate& TkefoeeHs of 
tAis <2/8tem ore cMejly those of fishes aiid cruetaeea (emds, s<s.>; tits ^lells 
are not numerous., and the plants are few arid imperfsoL JSo nmmins of 
the higher animals are found in this eystem, 

9. BnJuaukJK Srscnc, ffiyided into the tTpper, Middle, and Lower BBuian groups. Thd 

fossils of this system are prineipaUy marine sheUs, serafo, cncsfosea, sts. 
The remains offishee occur only in the atrata of the upper group. No land 
plants nor remains of reptiles, or of amy of the higher orders of oanimtASt 
hone ever been found fosaCl in this divieion of the straJUfied roeks, 

10. HtJBonuir, OB GAMBBiAir AXD Laubbntuit Stbtskb.— The stratified rocks nnder- 

lying the Silurian system, and which constitute the lowest and oldest mem- 
bers of the series are all more or less metamorphie, and are charaeteristioaUf 
barren of fossils. They have been divided by geologists into two systeBis; 
the npp^ being variously named the " Huronlan,** ** CambrlMi,** or ** Semi- 
Metamorphie ;** and the lower, the ** Laurentian,** " True Metaau^hic,** or 
** Hypozoic** (below life) system. They are also often coUecthrely spoken of 
as the **Unfossiliferons,** '* Metamorphie,** or ««AEoic** (wanting in Ufe) rocks. 

The basis upon which the lowest system of the stratified 
rocks rest is generally believed to be granite, or unstratified 
rocks of igneous origin, as is shown in Fig. 98. 

The b^inner in geology will find his progress greatly 
facilitated if he keeps steadily in view the fact, that the 
classification of the stratified rocks above given is fun- 
damentally chronological; or, in other words, that they 
are classified according to the ord^ of time in which they 
were formed. 

180. E|x>m this order of soooeEBion, moreover, there is no deviotioB. JBy thia^ 
however, it is not to be understood that all the systems are to be found at 

(2i7ESTXONB.«Wliat is the fifth system? What are its dtaracteristlcsf What Is the 
sixth system ? What is the seventh r What are the characteristics of &e earboniferoas 
system Y What is the next system below this otrboniferousf YHutt are the character- 
istics of the Devonian system 7 By what other name is this ^FStem sometinMiS eaUed ? 
What are the characteristics of the Silurian system? W^at is the lowest system ? What 
Is known about it? Upon what basis is the lowest system supposed to rest? Whal 
Is the principle upon which the (dassificatlon of the stratified rocks is established f 
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iiijpitiofttecruitof ihei earth l^^ obe Abore tiw otfaer Ute the eeata 
ef HA oiuo» (and aais the esse in the ideal sectioa represented in Fig. 98); 
bat tiiaty wherever the rocks of two or more systems oome together, they are 
never found out of place ; that is, the rocks of the Carboniferous Sjrstem are 
nevepfocmd beneath those of the Silurian ; or those of the Oolite beneath 
the OarfooniferaQs; oi; in ahort, an/ rocks of a higher asTStem beneath those 
of a lower. 

Furthermore, as any.particiilar area of the earth may have been an area 
of destruction (erosion and degradation) during one period, and an area of 
prodoetion, or even of neutrality dming aziother, strata of one gysteii may 
rest directlj l^on ttiese bdongliig la a mooh dder aystfod, witfatM* the prea^ 
eiiee of the naturally intervening series. Thus, for example^ the lodka of 
the Devonian system and those of the Silurian might, in some districts, be 
wholly wanting; and in this case the strata of the Carboniferous system would 
rest directly upon those of the Huronian ; or ^e OolKe, Triasdie, and Permtan 
tocka being ahsenti Uka Cretaoeeua would net dhreotly upon the Oarbootfar- 
dusb In every audi ease, the principle that the higher system invariably 
overlies the lower, would be maintioned ; while a reversal of the order of 
succesdon, from the nature of the case, would be impossible. 

181. The learner must here be cautioned against supposing that the rocks 
which make up the different systems are so different from each other in 
"Sl^earance as to admit of easy recognitktt by mere inspeeticm. On the 
amtrary, the varieties of stratified rodcs are compaitttively few, and etuch 
q^stem contains limestones, sandstones, and argillaceous (clay) rocks, which 
do not differ materially in appearance or composition from sunilar rocks in 
other systems. 

This circumstance, however, occasions but litUe embarrassment to the 
geologist, for the reason that the fossils found in each of the different systems 
of rodra are peculiar and different from those of any other system ; so that, 
aUhoQi^ sandstonss from the Oolite may ekiaotly resemble saadstonea from 
the CarbonifaroQS system, or Mmestonea fixMn the DevOAiaii system those from 
the ^uriaa, yet an experienced geologist, by the difference of their contained 
fossils, is at (mde enabled to designate their true character and the relative 
age of their formatioUk 

182, DlTlsion of Geological Time into Periods or Ages. 
— ^Each STstem of stratified rocks, as has been before 
stated^ ccmtains fossils peculiar to itself, and these do not 
ever recur in strata belonging to contiguous systems either 
above or bdow it in the order of succession. At the same 



QuBsnoNB. — ^What is understood by the invariable order of succession of the different 
syvtemaf BaplAiB boir It happens that some systems of rooks are wanting in certain 
loeattiiesf Art the foebt beloBfing to each system peculiar in their appearanoe? If, 
then, they are aUlw, how ««i a geologist refer them to difBnrent systemsf 
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time^ there is a connection between the different systems 
more strong in proportion to their proximity to each other. 
The fossils of the Cretaceous system, while they differ from 
those of all other systems, are nevertheless much more 
nearly related to those of the Oolite system, which immedi- 
ately precedes, than to those of the Carboniferous system, 
which is much more ancient; and in the same manner 
the fossils of the Carboniferous approach more nearly those 
of the Silurian system than those of tiie Tertiary. 

These relations have suggested to geologists and natur- 
alists a classification of the different systems of rocks 
according to the general type or character of the living 
beings which predominated during certain periods or ages 
of the earth's history; just as in the history of man several 
grand periods or ages have been established, which are 
marked by peculiarities in his social and intellectual condi- 
tion, and are illustrated by contemporaneous monuments. 

The names applied to these several periods are derived fix>m the Greek, 
and, commencing wiUi the most recent, are as follows: 

1. Cainozoic {koivocj recent, and C"'/, life), or period of recent life. This 
period includes t?ie Post- Tertiary, or recent system of rocks, and the Tertiary 
system. 

2. Mesozoic {jieaog, middle), or the period of middle life. This period 
tndudes the Gretaceous, Oolitic, and Triassic systtms, 

3. Paleozoic {iraXaioc, andentX or period of aiMiient life. This period 
indudee the Permian, Chrhontferous, Devonian^ and Sihtrian systems, 

4. Azoic (a, privative, and ^orj, life), or the period deficient in the evi- 
dences of life. This' period includes the Laurentian rocks, or dU the unfossili- 
ferous and metamorphic rocks which lie bdow the base of rocks included in the 
Paleozoic period, and which have thus far yielded UtUe or no evidence of the 
existence of life at the time of their depositions^ 

QoxsnoNS. — What diflforences and points of reMmblanee exist betireen different sys- 
tems? What dasBification of the geological systems has been established ? What anal- 
ogy exists betireen the periods or ages in geology and the periods Institated in the history 
of man? What is the first or most recent period ? What systems does it include? What 
is the second period ? What systems does it include ? What is the third period? What 
systems are included in it ? What is the fourth period ? What are the systems included 
init? 

* The relation of the geological periods to the several systems Is oleariy shown in Fig. 
98, in the pependieular secticm, on the left. Their relation to eaeh other, and to tiie 
Igneous or unstratifled rooks is also shown at the base of the same figure. 
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183. £7 this arraogemenfe we understand, therefore, tl)at dtuing certain 
epochs there was a certain typical or general resemblance among the beings 
then populating the globe ; that down to the Cretaceous system («. e., the recent 
period) the fossil species doaely resemble those now existmg; fircwn the Cre- 
taceous to the Permian (i, e., the middle period) the dep^uture from recent 
forms was greater; from the Permian to the Silurian {u e., the ancient life 
period) the q)ecies were altogether distinct from the recent, and differenl^ in 
a majority of instances, from Uiose of the middle period ; and that from the 
Silurian downward (i e., the period deficiexvt in life) tracer of organic life are 
very obscure, or altogether wanting. 

184. In recognizing these dassiflcationa ''the student should remember— 
and he can not be too early cautioned to bear ever in mind— that throughout 
the whole of creation there is only one system, and that, in time past as in 
time present, every aspect of nature gives evidence of only one all-pervading, 
all-directing Mind. The matter of the universe may undei^ change of place, 
appearance, and arrangement; still it is the same matter, and is subject to 
the same laws tiiat have operated through all time. The plants and animalfl 
may assume different specific aspects at different epochs and under different 
conditions, still they are constructed on the same plan and principle, and the 
laws which influence their being now, are identical with those which have 
govOTned life since the dawn of creation. Without this uniformity of law 
the study of nature would be impossible. There is only one great systeic 
in creation, and the periods and systems of the geologist must be regarded as 
mere provisional expedients toward the eluddation and comprehension of that 
system." 

185. Geological Nomenclature* — ^To begmners, the nomendatore 
employed by geologists is often exceedingly difficult to understand, and 
seems to render the whole subject needlessly obscure. The reason of this is 
undoubtedly due in part to the double sig^iiflcation of many of the terms 
used by geologists to designate stratified rock-groups, or systems. The 
original name given by the early observers to a system or group of strata^ 
was often descriptive of the kind of stone of which it was prindpally com* 
posed, or the most important mineral substance it contained. Thus, the Cre- 
taceous system was so named, because in the district in which it was first 
studied a large part of it consisted of chalk (Lat, cretd); the Oolitic system, 
in like manner, contained, in the typical district, many beds of oolitic lime- 
stone (see § 15); and the Carboniferous, many beds of coal. Other names 
had a geographical signification, such ad Devonian — 'the formations to be seen 
in Devonshire, England ; SUurian — ^those in the district of Wales, the andent 
Siluria. As soon, however, as extended observation showed that all the 
aqueous rocks occurred in a certain order, and formed a series or succession 

Quw nowB .— ^Wluit is to be nndentood by this amngement of geologtad time Into fb«r 
periods f Is there in any of these Qlusifioations anj evidenee of a divendtjr of plan oa 
the part of the Creator? Eaeplaln how it is that many gaologiaal tenna hfcva acunlwd » 
donUe aigidfication. 
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flf beds TCgcdarij and inradablj mspviaigoB6d upon eaeb other, these tenns 
loBt their original imp(»rt and acquired a purely chronological meanhig. Thn^ 
for example, when we trace the Devonian or Silurian* rocks bejxmd tiie bor- 
ders of liie district where they were first obseryed, it is dear that ^e strictly 
geogn^hic term becomes no longer i^pUcable. It is, moreover, somewhat of a 
eontradiction to ^>eak of Silurian or Bevoman rocks as existing in the State 
m New York, or in India. But what is meant is, tiiat the l^tirian or Bev- 
cmian rocks of America (»r Asia area contimiatMn of those of Wales orI)ev<»h 
i^ire; or, in other woida, that they were deipooted together wiHt tStem, ai 
the same epochs in similar seas, and contain i^milar fosals. 

In like manner, when we come to trace the Cretaceous, Oolite, or Carboni- 
ferous s^rstems from one area to another, it often happens that the nature 
of the rcx^ gradually changes. Each system consists of a vast number of 
separate beds of rock, every one of which varies almost indefinitely in ex- 
tent. The beds of coal, which gave their name to the Carboniferous rockf^ 
because of their economical importance, are very few compared with the 
whole bulk of the rocks in the Carboniferous system, and sometimes get 
thinner and fewer till they disappear altogether; while the other portion 
goes on and q>reads, perhi^ over large areas, in which we may, have the 
apparent contradiction of Carboniferous rocks ahnost or entirely destitute of 
any carbonaceous matter. In like manner, the Oolitic i^stem in many parts 
of the world contains no oolites, and the Cretaceous system no chaUc. In 
South America the Cretaceous system consists of clay-^tes, not differing in 
any essential character as a kind of rock fixun the slates found in the Silurian 
system ; but the centred fossils are similar to those of the chalk formations 
of Europe. Therefore, in q)eaking of Cretaceous rocks, we mean merely rocks 
that were consoli da ted at an epodi which was especially oharactoriaed by the 
fi»mation of the chalk of Europe, and so (Mother simUar t^ms. 



CHAPTEE X. 

PAL^ONTOLOaT.— 0ENEBAL CHAEACEBlEISTIOa OF PQSfflXa 

186. Pal»»ntoIogy.— Tkat department of geolo^eftl 
Bcience which treats of the forms and conditions of life 
which prevailed during the former epochs of the earth's 
history, is termed FcUceontology. 

QtnoBntnw.— Wiist do ire mean when ire uj iha* Bcrronian or gnmiiia i<eek« ooeor in 
America or Ada? Do the Cretaeeous or GaxhonlfSuoas roeka JKoumsdfy ahoi^d in 
ohalkorooatf Whatiaihatdeparf3n«niofge(dog7whidLtrairfse£tiH.ftna6rltfh.«f tlia 
i^be termed ? What ia the deriyatton of the term ? (See $ 10 
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mie (miy cbta -wMck can affoid t» eri^noe eft thi0 m%i> 
ject are the fossils found in the rocks of the various geo- 
logical periods or systems. (See § 22.) 

187. Fossils, whether vegetable or animal, are generally 
converted into tiie same substance as the rock in which 
ihej are imbedded ; that is, if occurring in limestone, they 
will be more or less calcareous ;^ if in coal, carbonaceous ; 
and if in sazKbtoiie, more or less arenaceous (sandy). 
Sometimes, however, the fossils are convarfed into mineral 
matter, altogether diflFerent from the containing rock. 

In numerous instances Ihe form and bulk of the organ- 
inn is entire and perfect, and may even retain sometiiing 
of the color which it had when alive. 

Thus, the shells found m some of the tertiary rocks of the southern States 
exhibit tints and markings of color almost as bright as those of the shells now 
firings on the ac^iniiig Atlaatic eoasi Insects occur, perfectly preserved, 
setledt^mamber-HiibB^ resin; ttidinSiiieria^ifaBeirtlreeareassofafoaBfl 
ihinoceros, with the skin and fledi preserved, has been taken from a stratum 
of frozen sand. 

In other instances, the substance of the animal or plant 
has been altogether removed, so that merely b& impression 
of its external surface, or a mold tt its form, is left in the 
ro<& that inclosed it. 

After this mold has beai formed, it may become so 
MIed with mineral matter, infiltrated tfaroi^ the pores 
of the rock, as to present a perfect cast or model of the 
fossil that was originally imbedded. 

&i other instances, the &ssil consists of merely Uto iikipresskm of ft part of 
the body of an animal, as a fix>t-print, for example.* 

I>iff(»ent Ibnns of fQeeSiB are oommon in evefy group cr system of th& 
SntBaSKom rodtSi and by a littie praetioe the eye of tte student will readily 

^pnMom.-— When da w ^atA «fideiiee oa thig sal^t? Wh«l arefossils? (See f 
92.) In what itate are the remains of animalB and plants generally preserved as fossils? 
To what extent are plants and animals sometimes preserred as fowUs f When fis a mold 
or eatt of the organism only preserved? 

^The tMcher (br fht studdnl; for hhnseir) win derive gNKt ad^ s l ags hgrptoculbg, 
aad^suldeetfitgto exsittfimtiott, spedtteni of ibsslhh^fiiiMM«0dsi^Hl»^«4Alli«irTflrlo«fe 
conditioiui <»f Brsservailon. Sneh 4)€«ttt«A* cma mdi^Bv ciMiiMt irtttv noe tNubi^ 
ormsjhepiirehaiedataittgfetlezpeaie; (fitm AipptMKtJf 
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» 

dotect the dii^tesfc tnoeof oiganieed utructure in anjinassof muierBl matter; 
and where the naked eye may fiul, a conunoQ pocket magnifier will often li- 
able an observer to detect the presence of an organisuL 

188. Petrifaction, generally speaking, consists in the in- 
filtration of stony matter itito the pores of vegetable or 
animal substances. 

" In some specimens the organic body has entirely disappeared, and the 
stony matter has been so gradually substituted, partide for particle, that liie. 
petri&ction presents a perfect resemblance in its minutest parts to the original 
structure. It is as if a house were gradually rebuilt, brick by brick or stone 
by stone— a brick or a stone of a diflferent kind haying been substituted for 
each of the former ones, without either the shape or size of the house, or the 
form or arrangement of one of its rooms, passages, or closets, or even the 
number and shi^ of the bricks and stones^ havhag been altered. All the 
hollow spaces are, however, generally filled up either by the earthy matters 
in which the fossil is inclosed, or by mineral substances which have perco- 
lated through their walls." 

Lime (in the form of a carbon^) and silica, held in 
solution in water, are the most abundant petrifying sub- 
stances. 

The same result is also sometimes produced through the agency of metallic 
salts contained in water, especially by the sulphuret and ozyd of iron ; and 
we find, not im&equent^ imbedded in strata^ bones, shells, and fishes, which 
have been almost entirely converted into iron-pyrites (crystals of sulphuret 
of iron), with a nearly perfect retention of form. 

In other instances, the organism is converted into coal or bitumen. Ku§^ 
Killer, in describing tiie fossil fishes found in the Old Eed-sandstone (Devonian), 
says, that their muscles, blood, eta, have been converted into a kind of pitch 
or bitumen, which in some places pervades the rock to such an extent as to 
cause it to be mistaken for coal; and this animal pitch, by its antiseptic 
properties, has preserved, in all their elasticity, the bones, fins, and scales 
enveloped in it, better than the oils and gums applied by the old Egyptians 
to their mummies. 

* 

Incrustations not Petrifactions*— Organic substances, «.e.,mosa^ 
twigs, leaves, etc, which have been exposed to the action of mineral waters^ 
and have thereby become incrusted with calcareous or silicious matter (see 
§ 64) are very often erroneously termed petri&ctiotis ; since in each eases 

the object is merely coated with the stony matter, and not fully permeated 
by it. • 

QviaTiONa.— What is petrtfactfon ? To what extent is petrifaotion sometimes carried? 
Whi^ may the process be compared tot What are the most abimdant petrifying sab> 
stances f What snhstances occasionally act as petrifiers f What are Sllostrations oi this f 
What is the difference hetireea inemstattons and petriflMtions t 



\ 
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Theory of Petrifaotioni— Petri^Kstkm ia, tmdoabtecUy, a chomieal 
prooesa^ but the exact maimer in which it takes place has never been satis-^ 
factorily explained, neither has it been successfully imitated.* Qome authori- 
ties have supposed that petrifaction is effected suddenly by the combination 
of gaseous fluids with the constituent principles of the organic structure. In 
some instances it would appear certain, that the conversion of the animal or 
vegetable substance into silica or lime must have been almost instantaneous, 
fi)r the most delicate parts — ^those which would imdergo decomposition with 
the greatest rapidity — are often preserved ; such, for example, as the capsule 
of the eye, the mcDibranes of the stomach, the soft bodies of shell-fish, and, 
in plants, the most delicate tissues. In specimens of petrified wood, it may 
be often observed that the petrifaction did not commence until the wood had 
begun to decay, since the decayed part, and even the mould upon it, are 
preserved as perfectly as tibe solid wood. The apparently delicate vegetable 
fibreS) sometimes seen in polished sections of agate or chalcedony, especially 
in the so-called "moss agates," are generally produced by oxyd of iron or 
manganese ; but in some instances they have been proved to be really the 
remains of marine plants, which have become involved in the silica when it 
was in a fluid state. 

M. Grceppert, a German geolo^st, placed leaves of fern in clay, dried them 
in the shade, imd exposing the clay to a red-heat, obtained, in this way, 
striking resemblances to fossil plants. According to the degree of heat, the 
plant was found to be ei^er brown, shining black, or entirely lost — ^the im- 
pression only remaining ; but in the latter case the surrounding clay was 
stained black by the diffhsion of the particles of carbon derived from the 
leaves, and resembled the shales and slates that are associated with coal. 

189. Classification of the Animal and Vegetable King- 
dom. —In order to rightly understand the facts which the 
study of fossils have brought to light concerning the past 
history of the earth, it is necessary to have some knowl- 
edge of existing animals and plants. 

Yegetable life subsists upon inorganic foodr— matters that may be found 
in the earth, the water, or the air, independently of animal life ; while ani- 
mal life subsists entirely upon organic food, either of vegetable or animal 

QnxsTiOKS. — ^l8 it known how i>etrifaction is occasioned f What have been some of the 
suppositions on the subject ? . In what manner has the production of fossil plants been 
fanitatedf In order to folly understand the &ct8 of palnontologyf what Is necessary? 



* Some years since a Florentine physician chdmed to have discovered a method ot 
artificially petrifying animal substances, and at the same time perfectly preserring their 
color and internal structure. The specimens exhibited by him appeared to confirm his 
assertions, and there is now in one of the Italian museums a table, in which different 
portions of the human body, i>etrified, cut, and polished, are. Inserted as Mosaics. The 
secret, bowerer, waa never revealed by the discoverer, and died with him. 
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cs^te. It -wooMl, tben&m, feSow, ftat so {ilnt-ctfb^ aoixial i»tdd eon- 
tiiKiB to IWe unleaa ragetable Ufe alrsa^ exiried b Etrfkkmt abmnknas to 
mm as ita fbod ; and no flcdi-«atiiiK Bidnud «mld exiat nntil tftere wsa an 
abtmdsitce oT plant-eatiiig ODimala. The order of existeiice, tberefbre, of 
orgBDio bcJDgs msj be anamed to be — l«li ploiri*; ad, ,p(a»(-eaf^ onfnuli; 
3d, omnKiteafuitr oniniafa. 

THE VEGETABLE KINGIfOM. 

190. Vegetables have toeen arranged in two grand diri- 
uoas: 

Ist, Phanekoqahia, oe FhowmiNG Plants. 
2d, Cktptooakia, ob Flowxklbs* Plants. 

191. Fkaiervgialar— The first diTision (Fhanerogamia) 
^nbiaees all the higher forms of T^tatiou ; and all the 
plaiits included in it bear true flowers and produce seeds. 
It naturally subdivides into two classes — Kxoqsns (o«^ 
aide grow&-8), and Bsdoobus (ituide powers). 

192. The Exo^ns comprise all those pkota which increase by additjons 
of woody -fiber to the outeide — a new lajer bdng added each year jtut beoaath 
Iha bark, to the previoua growth. Hence, the age of an exogenooa plant ia 
indi^ by the number of con. 

ceulne ringi exhibited hf m arosa 

Bection of its atom or trunk. The fi \ 

leaves of exogenous plamla have V '-i 

also net-like veina. All our tbreet | 

trees aiid ahrubi belong to this 

class. A Blic« across an exogm- 

oos stem ahows a separate celln- 

bi jait, as bade, on Va« dmOK^ 

brsDoe; thraiaiingof wood; and in the canter a ^Ui, aslaieen ta Fig. 99, 

which lepreaents a piece of flax etmn magnified; and also hi fig. 10&, wbiob 

is a stem of maple of a year old, cut dosswiae and leugtIiwiBe. 

193. Tho Endc^ns embraoe all flowering [dants, whode stems are not 
composed of concentcio layeis, but whose woody Bubstanoe ia mixed witta 
pith and distributed throuf^Kiiit every part of.the stem in tbelbrm cf thread* 
or bandka. Tbey lurre almoal (dwaya pandel-ireiiMd lasve^ winch AoBth 

qtJiSTUKiB.— Wlut Dwy be nppowd to be Ih« order of eiUUikce of orguila balngi? 
~ IT luTe plinti been cliuUleil t Wlut it smbnced ta th« flnt gniMt iUtI^oii I Wliit 
- - if ttiB uogBiaiMflulur Wlut pUnM Mong to lbs cUia Buds- 
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Qie stem, sad deoftfwftlMXit ftfflng off. ThdSr tuuik also can netef be peeled 

offdeanfirom the wood. This daas of pUmtoootnprises the H]iee,pa]m8, canes 

Fig. 101. ("°^*^' ^^ Indian oomX rushes, and grasses. Kg. 101 

shows an endogenous stem of a oom stalk, oat both 

crosswise and lengtiiwisa 

• 

194. The Cryptogamia, or flowerless 
plants^ produce no real flowers^ and no 
true seeds ; but only something of a sim- 
pler sprt> answering to flowers, and giving 
rise to minute and very simple bodies, 
whieb serve the purpose of seeds, and are 
called spores^ This division comprises 
all the lowest forms of vegetation, and is 

subdivided into three classes, Acboobks, Akc^hytes and 

Thallophttes, 

• 

195. The Acrogens comprise those plants whose growth !s wholly or 
mainly at the smnmit ^ 

This class indndes the Ihn fiunily (the brakes) ; the SquiutaemBf or horse- 
tail and cat-tail fsunily ; and the Clulnnosses.* 

The Anophytes comprise the tme mosses. 

The Thallophytes comprise the algcBf or sea-weeds; the Lichens (which in- 
crost stones and decaying trees); the Conferva (green scum, like aquatic 
growths); and the Fungi (mushrooms, puff-balls, toads-tools, eta). 

Such are the fundamental groupings of existing plants, and so constant 
are the characters which distinguish these great natural groups, that an ex- 
perienced botanist or paheontologist by inspecting simj^ the ftagments of a 
lea( or a portion of the structure of a stem, can at onoe deqlde on the natore 
of the plant to which it belonged. 



THE ANIMAL KINGDOM. 

196. Animals, according to Cuvier, may be arranged 
in four great divisions or sub-kingdoms* — ^Ybbtbbbata, 
MOLLUSOA, Abticxjlata, and Badiata. 



Q9inMir&— WhM are some ef the plaoto o# ihta cIhs f What ptamto are embraeed in 
the aeend great diriBkmt Into what three elaMee are tiie Cryptogaaiadiyidedf WhAft 
aretheAeroseaaf What the AnophTteaf What the ThaUbphTteaf Are the charaetera 
vUdiBiaric the great divlaloM of planlieoBitaoi? Hovifl theuimalkiDgdoBdiTMea? 

• The trafllag erergreeai, used tor Chiiataum 4<co i a t iqin> aw ffimntor m mmj I i of the 
dnh-moaiea. 
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V built upon ibe same pUn, 

197. I. Teilebrata. — All the animals belonging to this 
division have a back-bone (vertebree), and an internal skele- 
ton. (See Fig. 102, which represents a section of tbe 
body and skeleton of a quadruped.) Thus, men, elephants, 
whales, birds, reptiles, and fishes, notwithstanding their 
manifold differences, have these characters in common ; 
they are all back-boned ; they all have an internal skele- 
ton ; they are all formed upon the same plan.^ 



The Vertebrata are divided into four classes : 1, Mam- 
mals (animals that suckle their young) ; 2, Sirds ; 3, 
Beptiles ; 4, Fishes. 

I itnlmala of thM« divliiDiur Whst ■ninula beloiig 
> Tcitebnla to nlled I Into That eluaea ure tha 



• Tbs Ket thst bU llie ■ninuilB loclnded In tbig dlrlsioa or iDb-klngdom (VertetmtB) 
*n fonoed npoa one plan, irill be nuda mote clear if va liutltiitfl a eoEapariaDn batTflen 
tha ikalaboDB of differeot Tertabrats aDimalH, "* Thna, avory boDe In tha bodf of a Uxaid 
baa ft aDrroapondliig boDo Ln (be body af aman, orof amousai and eTer7boiio prcaarrei 
tha aime coDTWcUon vith othar bnnea, no mtttar boir aaltke mar be (he nrioni Umba 
Id whlcli we dateet Ita pr«aeB«. Thai, irldely ai the arm of a hud dUEsn boa tfaa Bn 
oravbale. or the wingof a bird, or the irlug of a bet, or tha leg of a boras, the eama 
number of bonei and the eame eoDDectloDB of the bone! are foDnd Id sach. A. fln l< on* 
nodUad ftirm of a typical Umb \ an arm li anolber ; e -wlog anothsr. That which li 
true of the Uoibe !a oIk tms of bD the organa : and it la od Chli gronnd that »a ipsak 
of tbe TtHibrala type. From flBh to man, one coaimm plan of ■trastum pierallAi" 
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An fnammata resemble eAch other mcwe than Hhej reiemble birds ; all rep- 
tiles resemble each other ^re than they resemble fishes (notwithstanding a 
saperfidal resemblance between serpents and eels). 

Each class is susceptible of still more minnte division into orders. Thus, 
of the mammalia^ those which live upon flesh are grouped in one order, 
catmivcra; those which live upon plants constitute the order herbivora; and 
those which resemble whales, the order cetacea. In like manner, birds are 
grdUatorea (waders) ; natfxtores (swimmers), etc. ; and reptiles, are 'bcdrcuhian 
^frog-like); saurian (lizard-like) ; ^Aiiiicm (serpent-like), etc 

Fishes are divided, as they exist in the present creation, 
into two orders — " osseous'* and ^^cartilaginous** — ^accord- 
ing as they are furnished with a skeleton of bone, or of car- 
tilage (gristle).* 

In each order there are generally families ; and the families separate into 
genera, which differ &om each other only in fewer and less impcnrtant charac- 
tera The genera, in turo, include groups, which have still fewer differences, 
and are caUed species; and these again are divided into ot^r groups, which 
have only minute and unimportant differences of color, size, and the like, and 
are called sub-species or varieties.! 

198. II. Molln&ea. — ^Animals of this division have no 
internal skeleton, and are •all soft-bodied ; (hence, their 
name from the Latin molliSy soft). Their nervous sys- 
tem is dispersed through their body in irregular masses ; 
their muscles are attached to the skin, which in many 
species is covered by a shell (as oysters, snails, cuttle- 
fish, etc.). This division embraces three classes. 

Questions. — What is said of the diyision of classes into orders ? lUustrate this. Into 
▼hat two orders are fishes divided? Are orders sosceptible of still farther diyision? 
What are the oharaeteiistios of the moUosca ? 



* The osseous order indndes "fishes proper/* whose skeletons, Uke those of mam- 
malia, birds, and reptiles, are composed chiefly of calcareous earth pervading an organic 
base. The remains of such fishes are, therefore, extremely durable. In the cartilaginous 
order (sturgeons, sharks, etc.), on the contrary, the skeleton contains scarcely any min- 
eral matter, but is a frame-work of indurated animal matter, elastic, semi-transparent, 
3rielding easfly to the knife, and, like all mere animal substances, inevitably sut^ect to de- 
cay. The huge cartilaginous skeleton of a shark will be lost in a mass of putreftustton in 
a few weeks ; while the bones of a minute osseous fish may remain entire for a great 
length of tima — Hugh MifXer, 

t ** Thus, suppose a dwarf terrier dog is presented to us, with a request that we should 
indicate its various titles in the scheme of dassifioation ; we begin by calling it a verte- 
brate; we proceed to assign its class as the mammalian ; as it feeds upon flesh, its order 
is obviously tliat of the camivora ; its family is that of the wolf, jackal, fox, etc., named 
Canidn; it8genu8is,of course, that of Gaols (dog); its ipeciesi terrier; its variety dwarf 
terrier.**— 2/eioe«. 
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1. leephals- (headless), or those -which have no distinct 
heads, and are inclosed in bivalve shells, as the oystei and 
clam. 

2. Gatter'opoda (belly-footed), or those which creep upon 
a flat-diflc ot foot, as the Boails. 

3. Cephalopoda (head-footed), or those which have arms 
or tentacles arranged about their mouth, as the cuttle-fish, 
the nautilus, etc. 

Xa die diSbrent dasaes ot mcdliiaea lived in dtoadau bvorable to 4a 

preserratitHt of th^ aholls, we find great nomben of thsm fbesil, and Ihay 
an more ftequentlj oHed to detennine the identltf or relatiooa of iti&ta than 
•or otbcr Tuie^ of foB^lB. 

Jm. les, Via. 104. Rb. lOO. 



Shdla ara dOier tmAKthie (FigB. 103 and 104); fttnihv (F%. leG^oriTnilK- 
iratoe, according to the nninber of piecas whidi moke np the BhdL Soma 
onivalTO abells are divided bf partiliODa ioto nomeroua cliambers, wbidi are 
connected by & tube caHMl a a^unole (aee Hg. 101), and are hence termed 
' ebataboted aheDa. 

That Inandi of sdence Tvhich. da^Sea and deacribes abella is colled conrA- 

199. Irtieniata. — Animals of this sub-kingdom have, as 
the name implies, bodies which are composed of ri^ments 
artiouiated or Jointed together, as lobsters, crabs, insects, 
worms, eto. 

Q ia an w i»~3rt» bmr mnr B Im wi m thtj- CrHtd ? Bintmante tfaem. WtuU !• 
Ill nf tTin iTiiiTiilianr nf fnmTT ninnimfT Hmr Hra HfifilU of moQusat dtfdj^ntffld f Whftt 
- - ~ - —kit b Oil bniMh of ictenn vhfaft tnaU of dMlb ttdMI 

^oflhauUsBlalat 
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Tbe Smbs of arUoBlatk an alas JM«M; ud th^ tev* bmUj a hard donr- 
ing, which forms a sort of external alceletoB. Soiaeliiiiea tbo KgVMnta of 
tb^ body an numeraui, m in the oentipad, lobaler, eta ; aometiniee MTenil 
■Bgmula aie tami together, as in tha enb ; and aoraatiaiea, aa in wonna, 
ths7 are indicated bj slight maiMi^ia, or depreesions of Uie Bkin, irbicb giva 
file appeMBBCe of little rioga ; and banco the worms have been named anne- 
Uda or omtataiL. In these last-named caae^ the segmental natm« of the 
type is detected in tbo &cC tliat ttM wofMi grow aepoent by segment; and 
also in the &ct that in laoet of them ^ach seg^Mnt haa its own neryes, heart, 
end Btonuuh. 

The artioolAta have beea divided (Agassiz) into ihiee 
classes : 

1. lofiecte, including spiders. 

2. Worms. 

3. CroBtocea — lobstera, cnite, aod odxer similar animals. 

200. BadlatB. — This diviaioii of tho aaimal kingdom 
comprises all those animals whose bodies have a radiated 
or star-like arrangement of parts, and whose oigaoB of 
sense and motion are also circularly disposed around a cen- 
ter or axis. 

Fig. 106. 



<iinaTKaia— Wbit la h 
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otfana SMtTO and float ibcnt, u the atar-flahea (im Fig. 107, which rnpnMBnta 
a Ibnil apodm), end the Bea-urchina. 

" All the »"'""!■ oi this drriairai aie aqiutio, and not a siii^ temBttial 
reiveMotative h** aa ^t be«n diacorarad. Only ona epaote^ mmeoTer, ia 
found in frcah-iraMr." 

Fra-ioT. 



The radiata are arranged in three claBsee : 

1. Echinodenos (sea-urchins, star-fiah, etc.). 

2. Acalephs (jell^-fiati, medusra, etc.), bo called from 

their nettling properties. 

3. Protozoa (polyps, sponges, and other obscure and 

lowly forms). 

Tbeae dasaei, as in tiia other Eub-kingdoois, are sabdivided into nnmerons 
□rdera, families, etc., oach liavius Borne pecoliarily of atractare, growth, or 
habit." 

201. GUisifleatlOD of Foiiil Finhei.—7iBh are found in a&eaU 
■ state in all the stratifled rocks, from tbe Silurian to the Tortiar^ sfstem ; aod 
from their number, atate of preeervatioQ, and remarkable forms, tha geok^ist 
has been enabled to deduce manj iiuportaiit iDferoaCGS rcapecting' the con- 
dilJon of the surlkce of our planet at tho period of Ihcir existence. Aa the 
Boalea or external coveringa are often the best preecrred portions of fbaail 

Qinsnons.— Wlut arc enuaplH ot ndlalal Ara •.ay at thlj alw tend wiIdiiIiI 



■ ni«n ii cKmiddflnblfl dtrardly of optnlm uoong lutaxklUti la n^ird to tiu d— rifl - 

«tton of uiliiuli ; thfl dlrlilou T«eogDi>od b7 uiaB ■Dttioritle* b«lAg muelk mors minata 
thu tb«a kdoflaa hj attaan. Tba iritim of rtiMlflmttBa Kban liTsn i» ntMuMtOf 
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Oebea, It ocoorred to ProC Agaadz to arfange them Into orden accoidiDg to 
the Btruoture of these pBitsi an^ on an examination of the aabiject, he dis- 
eoTcred, that thers is alwi^ a nlatioii between the form of ths eotka of 
lleheB and th^ organization ; and that this relation, moreover, is so intimate 
and constant, that if difibrent species i^.fish, having similar scaki^ be oom- 
pared, they irill be found to ooneepMid vwj closely in their nature and 
stmotorft* 

Ab the result of these inveatigatioiis, the class of foseil 
fishee has been divided, by Agassiz, into four great orderSj 
according to the Btructiire of their scales, viz. : 1. Pla- 
coids ; 2. Gtanoids ; 3. Ctenoids ; 4 Cycloid8.t 

The diaracteristics of these orderg are aa foUowa : 

1. Placoids (Qr., jrXa^ — a piste) are so called becsose tb^ hate their skin 
iiregnlarlf covered with plates of ensmel, fUnusbed with spines, like the 
shagreen on the sldn of a shark. Fig. lOS, No. 1, Tepresents a scale &om a 
shark, higfalj minified. This order comprisea all the cartUsginoua fishes, 
with the exception of the stargeoa 

na. 108. 




3. Ganoids (Gr., yavoc — splendor) are bo called from the shining or en- 
amelled surface of their scales. These scales are generally angular (sea Pig. 
108, No. 2), and are composed of bony or homy matter, coated eitemslly 
with bright enamel Nearly all the spedes referable to this order are extinct; 
the sturgeon, and the gar-jrike of the American lakea, are liviog exanples. 

quBnonB.— ^Wlut ear 
of ]lih«a f How hsTQ to 



of intlnute nUUoD lMtir«en Uie Ktles of flihai ud Ui 
rel&tAd of AgusU, that on ttaa occKAlaji, Kt a msetlDg of gb 
Kttared ths form of > then unknovn fMSII fiih, from the mere InipaetlDa of ■ fair iH- 
Ued hbIm finnd Imbsdded In rock i and irhan, tttut the lipw of • nutdeiatila poriod, 
% OODpleta ipeeimfiTi of the flsh In quvLioD wmo dlKOTorod, Ibo predicated des^lptloq 
irai fomid to bo correct Id Klmoat etcry pkrUonUr. 
t This clualBeatlDii hu. notU quite recentl)', been n»de to embr^sa all (iMing •■ iren 

tuabeeopTopoMdbi'Frot AEuriii for im eipluuUon of Thish, the itadmt [• tefemd 
la Ui " Emtj on QmlftnilJon." ptga 13T (ISeT}. 
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a. SheOteMkki(Qr^ ktuc--^ eoab) ban homy aoilat, wi^mmA eownd^ 
and serrated oa tbe poateiior edge, like the teelh of % ocnbIx (^m Fig. l@a» 
If 0. 3.) Tbe pei^inajbe teke&asaHTiDgexaaqileQftlmQi^ 

4. Tbe OjloiidB (Gr^ xwc^locw-a oinde) have smooth seatei, also withool 
enam^ ^dkicb an e&tke or rounded Mthi^ntaig^ (See Fig. 108, No. 4) 
The hanjng, tront, and aaimon aie Iknx^ etsaiBploi of tbi« order, whkk enn 
braces the minority of existing species. 

202. Fiak have also two dktaictive ftorms of tail ; and 
may l^ arrimgad in two claoses, heterooerccUs and homocer- 
cols, according as their tails are equally, or unequally lobed. 

Thus; in heterooercail sjaecies^ the tail is chiefly on one 8id€^ like that <^ the 
shai^ and sturgeon (Fig. 109X the backbone being prolonged into the upper 
lobe; in homocercai species^ 1^ lobes of ttw taQ axe equal and i^milar, as in 
tiio tEOot^ pevd^ ele. (See Fig. 110.) 

Vi&. 109. Fi^. 110. 




In palsdontdogj this distinction is a yery important one; Inasmudi as it 
has been found that aU the fii^ies which lived ^ring the eari^ ages of the 
earth's history, or, to speak more precisely, all those whose remains are found 
fossil in strata older than the Triassic system had heterocercal or unequally 
lobed tails ; while the great majority of those found fossil in more recent 
strata^ aad existing at the present day, haive c^mmetiiQid or h<MnoQeecal tails. 

203. Beei<^ those distinctions which depend on the Btructore and fonit 
of animals and fdants, there are others of importance coniti^Qtiy recognlased 
by tite geologist and natuialii^ which depend on dimafce, haitttat, and mode 
of life. 

idaptatioa of Organization to Condition. — ^Eack race 
of plants and animals is perfectly adapted by tbe Crear- 
tor for the functions it has to perform in the economy of 
nature ; and is furnished with peculiar organs, according 
to the kind of food upon which it lives and the habits it 
displays. 



.«^.— avw^wn 



QuEffnon .— What are the characteristics of the Ctenoids ? Of the Cycloids? What is 
Mid of the fbrms of tails of fishes? When are fishes said to hare hetroeercal tails? 
When homooercal ? Besides form and structure, what other distinctions between ani- 
mals and plants are recognized ? What is said of the adaptation of animals and plaxits to 
their condition ? 



^ 
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ThnS) one set of organs indicates swiftness; another strength; a third, 
prehensile or seizing powers ; a fourth, climbing, leaping, or swimming 
powers ; aiid, sL fifth, that the animal lives on roots, on herbage, or on the 
flesh of others. 

Furthermore, all the parts of animals or plants sustain 
a definite relation to each other. This law was first stated 
by the great naturalist, Cuvier, in the following terms : 

^^ Every organized being forms a whole — a complete 
systemr^tdll the parts of which mutually correspond. 
None of these parts can change wUhout the others also 
changing; and, consequently, each taken separately, indi- 
cates and gives all the others/' 

For example, the sharp-pointed tooth of a lion requires a strong jaw ; a 
skull fitted for the attachment of powerful muscles, both for moving the jaw 
and raising the head ; a broad, well-developed shoulder-blade ; an arrange- 
ment of the bones of the fbre-leg which admits of the leg, with the paw, being 
rotated, and turned upward, by which its apphcation as a seizing and tear-* 
ing instrumefit is greatly Increased ; and a paw armed with strong claws. 
On the other hand, teeth adapted for bruising and grinding, but not for tear- 
ing food (as the teeth of the ox, and like animals which feed upon herbage), 
are connected with a peculiarly shaped skull, blade-bone, fore-leg, and hoofed 
foot So that, if we possess but a single tooth, or any other characteristic 
part gf an animal, it is quite possible to pronounce with certainty upon the 
general form and habits of the animal to which it belonged. 

204. Distribntion at Plairts aird Animals.— The dratri- 
bution of animals and plants is twofold — vertical and 
lateral. 

205. Both on land and in water, animals and plants 
vary as we depart upward or downward from the level of 
the sea. 

We are all familiar with this variation on the land — every one being aware 
that vegetation undergoes a greater change in ascending vertically upward 
fiom the level of the sea, up the sides of a lofty mountain to the regions of 
perpetual snow, tkan it does in traveling laterally toward the pole till we 
reach the point where perpetual snow comes down to the sea-level ; and with 



QuMnoiis. — Do all the parts of an animal strnctnre snstain a relation to each other? 
What lair wa» ezpreiaed by Cuvier ? Show hj examples hoir aU the parts of an animal 
are related. Whatiasaidof the distribution of plants and animals? How^ do plants and 
animals vary as ire depart trom the level of the sea? 
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m change in vegetable life, an equal diange in animal life is a neoeoBaiy oon- 
seqnent effect in all regions oi the globe. 

The climates of the sea yary more n^ldly in depth than those of the l^nH 
do in height ; since the light and heat of the sun — the great vivifying prin- 
ciples of nature — ^lose all inflaence at the depth of a very few hundred feet 
into the ocean, even under the tropics, wh^re, in the ak, Bfe ranges tiirou^ 
a vertical sons of 16,000 feet. The level of the sea^ and a few feet above and 
below it^ is the populous film of the earth ; departing from that film in either 
direction, living beings rapidly become less numerous, and shortly disappear. 

206. With the lateral distribution of terrestrial life, all persons are more or 
less familiar. We know, for instance, that plants, such as the vinef the ^pple, 
me banana^ the cocoarnut, rice, wheats oranges, etc., do not grow indiscrimi- 
nately 'wh^ver they may be planted ; they are confined to certain portioBS 
of the globe, where the climate is suitable fer them. We know, also, that 
the polar-bear and the lion, the reindeer and the camel, the musk ox and 
the girafife, could not exchange habitats, and oould not, in a wild state, in- 
habit the same countries. 

The inhabitants of the ocean are, in like manner, simflarly confined within 
certain definite boundaries. Each coast and sea has animals which are 
peculiar to it Of the 200 species of molluscs living on the coast of Kew 
England, fifty are never found north of Cape Ck>d, and over eighty are never 
feund south of the Cape. 

207. From these natural provinces, or districts, animals 
and plants, with few exceptions, never wander ; and when 
forced to remove, do not long endure the differences of cli- 
mate, food, and other changes to which they ^re subjectfed.** 

QuBSTioirs.— What are iUastrations of fhis ^ot? What is said of the climate of the 
ocean ? What zone of the earth is most densely populated ? What is said of the lateral 
distribution of terrestrial life f What of marhie life ? What are some examines of tke 
geographical limitation of species? Do animals and plants naturally irander from their 
peculiar province? 

* The information irhieh has been ccdlected vpon. this Bal]{)eet is exceedingly curiomi 
and intexesting. Thus, the mammals found upon the great idand continent of Australia 
are all *^ pouched** animals, like the opossum, kangaroo, etc., known as an order by &• 
name of Marsupials. It is also stated, that with a single exception, there is no species of 
mammal found in Eastern Australia that lives in the western portion of this great Island. 
Even with regard to birds, creatures whose powers of easy and rapid locomotion seem 
to place the whole world at their disposal, we find the same restriction in their geo- 
graphical boundaries, which they rarely or never overstep. The ** lammergeyei** (a 
spe(4es of vulture) is found only amid the Alps ; and the condor dwells only amid the 
Andes of South America. " We might sail round the world in th%latitude of the Gi^ 
of Good Hope, or thereabouts, ever surrounded by flights of albatrosses and cape-pigeons, 
which seem sometimes to people the air ; but if the navigator turns his vessel toward the 
north he soon nmches a latitude where all these creatures disappear. This takes place 
IH)t gradually, but at once. The ship may be surrounded by the usual flocks at night, 
im4 the next morning not one of them will be seen, or ever after, till the navigator re- 
tuog to the line where they left, and then he finds fresh fiocks, as if awaiting his arrivaL** 
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A 6w qpodes of animals and plants, howeyer, saem doable of adapting 
themaelvea to all climatee, and range oyer tlie whole earth. Among an^'mA^ 
tills m espeoiallj true of man, and the dog. 

208. From these statements, the student will readily understand how the 
geologist is able, by comparison and analogy, to decide as to the character of 
the fossil animals and plants which he disooyers; and how he can tell, with 
precision, whether they liyed in the waters or on dry land; in firesh or salt 
water ; in a cold or hot climate ; whether the animals fed upon plants or 
Ihred Tipon other animals ; whether they are furnished wi^ organs indicating 
an amphibious existence ; and, in gpeneral, he can determine their nature and 
modes of existence. Moreoyer, as certain classes of plants and animals indi- 
cate certain conditions of the earth's sur&ce, the geologist is enabled, by the 
study of their remains, to decipher the past history of our globe, and so arriye 
at results which, at first thought; seem hopelesdy beyond the gnsp of the 
human intellect. 

209. Number of Species in ttie Animal and Vegetable 
Kingdom. — The number of species of animals now living 
upon the surface of the earth, is estimated at about 250,000. 

What is a Speeies ? — ^A species may be defined to be a 
kind of animal or plant, so distinct from all others that 
the continuation of the "kind,'' or species, is possible only 
between a pair belonging to that species. In other words, 
the individuals of a species may be regarded as the de- 
scendants of a single pair.* 

210. The number of species of vertebrate animals is estimated at about 
20,000, divided as follows: 1,500 to 2,000 species of mammalia; 5,000 to 
6,000 BpecaoH of birds; 1,500 to 2,000 of reptiles; and from 8,000 to 10,000 
offish. 

211. The number of species of molluscs abready in collections (mlibeums) 
probaUy exceeds 20,000 ; there are ccdlections of marine shells, bivalre and 
univalve, which have over 19,000 species; and collections of land and fre^- 
water, shells, which count as many as 2,000. 

QnxSTXONS.— What use are all these facts in natural history to the geologist? What 
is tiie estimated number of species of animals and plants now living ? What is a species ? 
What is said of the number of living vertebrate animals ? Of molluscs f 



* Oflbpring cannot be produced by a pair of individuals of different spedea, except when 
thoM individnalfl are very nearly allied to each other, and erea then the progeay (teraied 
a hybrid), it it said, can never be perpetuated ; thus clearly dioiring ** that nature re- 
padiates such amalgamations, and keeps her spedes jealously distinct and invariable.** 
For example : the horse and the ass belong to the same genus, and althooe^ allied to 
each other in many respects, yet belong to different species. The ^ogeny ot the tiro 
species it a mnle a hybrid— partaking of the qualities of both the hone aod the •■■• 
But mules do not propagate their kind. 
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212. The namber of species of artiaikto (wotms, insects, crostacea, Mc.) 
has been estimated at 200,000. There are coDec^ns of coleopterous (beeves) 
insects alone "vv^ich namber 25,000 spedes. 

213. The number of species included in the dirision of radiata (the star-* 
fishes, medusae, polypi, etc.) has been esthnated as at least 10,000. 

The number of species of plants notr living upon the earth has been sup- 
posed to be 150,000. 

214. Kimber of Fe&iil Spedei %l iDimals and Plasts. 
— ^No reliable estimate can be made of the number of 
species of animals and plants existing in a fossil state ; 
but it is safe to say, that the sum total exceeds many times 
the nmnber of all the species now living. 

Thus, a deposit of limestone in the neighborhood of Paris, France, which is 
merely one divisioD of one of the four groups of strata included in the tertiary 
system, contains not less than 1^200 species of fossil shells ,* whereas the species 
now Uving in the Mediterranean Sea do not amount to half that number. 
Similar relations may be also pointed out in America ; — 
Thus, there have been described fh>m the so-called ** Trenton limestone^ of 
Kew York (one cS the stratified deposits that belong to the Silurian system 
of that State), 170 species of fossil shells — a number almost equal to that of 
all the species now found living on the coast of Massachusetts.* 

215. The number of individuals included in the several 
fossil species, moreover, was not less than is comprised by 
existing species. 

In thousands of localities in the State of New York, and throughout the 
Yalley of the Mississippi, the great bulk of the rocks may be seen to be 
almost entirely formed of animal remains, particularly corals and shells. 
Fig. Ill represents a limestone found near Lockport, N. Y., which is almost 
wholly composed of the remains of radiate^ animala, known as crmoids or 

QuxsnoNS. — ^What is said of articalste ? Of radiata ? What is said of the Bumber of 
fossil species of animals and plants ? What facts prove the great abandance of 'extinct 
fiMBil speei«8 ? What is said of the namber of individuals included in the fos^ species ? 



* The stratified rioclar of Great Britain hare probably been studied more minutely thaA 
those of any other equal area of the earth's surface, and as the result of these investiga- 
tions it has been found — that the namber of species of extinct mammalia, contained in the 
ibsaOifiBXTms rocks of the British islands, is m<5re namerons by one half than all t&e iped«f 
now existing there ; of molluscs, the fossfl species are nine times as nnrnttroos as tlM 
living species; the fbssil fish five times; the reptiles ten times; and the radiata at least 
fourteen times. In instituting such a compaarison, moreover, it should be remembered 
that while the existing population is almost entirely known from reeent elslMMto r»- 
■ewehes, wo are as yet only imperfectly acquainted with the e:xti&ct fouSii 
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atono-liliea ; — SJ^ 29 extubiia tim oCrnctaie ot the aoiaiai entire^ Nov, if wa 
coondar the atovmess witb wliich oorftls aad iheUs are formed, it will giro 
US some idea ot the vast seriea irf agea Uutt most bave el^wed in order to 
. allow of tba ftirmation of these rocks, and their r^^iUar depositioa nuder 
water, to ao great a tliiclmeaa- 

Fia. 111. 



Possib occur abundantly, not only in roolca at great depths below the 
present, auri^ce of the eartb, but also Id the rocka that constitute the highest 
mount^ns of the globs. In Switzerland, a large part of some of the monn- 
taina oftha Jura is Composed of fossU corala. To tha Alps and Pyrenees, 
the rocks, to a height of 6,000 to 8,000 I^t above the level of the aea, 
abound in marine fossils — shells, corala, etc ; and in the Andes and Hima- 
layas, they are found at a height of flrom 16,000 to 20,000 f^l; 

216. Furthermore, of the hundreds aocl thousands of 
species of auiroals and plants found fossil in the strati- 
fied rocks which were formed before the epoch of the Ter- 
tiary system, not one has ever been prov^i to he identical 
Vfith any animal or plant now living. 

"The dust we tread upon waa once alive," 

is thus proved, by the researches of the geologist, to be no 
poetical exaggeration. 

211. Canies of the Extinction «f Spec lei— Every extenmve 
area of the earth's aarfiice that has yet bora examined bears nmniatakable 
evidence of having been subjected to auccea^ve great getdogtoal changes ; 

(^vnnoHB.— mnstnte mil. Wbat la aid of the dlatrlbnUoii of ToHUaT Whdfwti 
UloBnte thlil Are tbaipedeirouDdfSBQ theumeutluHenairllyliigl Wlutfutii 
tene of oveiy inn of the euili'i iqifuw Ihos ftr enmlDed gsDiogliallj'T 
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i»e^ d baying be^i altornatelj 0ea*bottoin azkd drj land. Witii eadi of 
these changes, it is obvious that all existing forms of life comprised within 
the area i^ected, most baye perished ; leaving their various remains imbedded 
in stratified deposits, to testify of their existence. 

In such alternations of the earth's surface, and in the changes of dimate 
that must necessarilj- have accompanied theiq^tbe geologist finds sufficient 
explanation of the extinction of the races or animals and plants .that ia- 
habited our earth during former geological periods. There may have been 
other causes which contributed to such results, such as epidemic diseases, 
the introduction of hostile races of animals, volcanic emanations, and the 
like; but these last must have been more or less local in their infiuence.* 



CHAPTER XI, 

HISTORY OF THE FORMATION OF THE SYSTEMS OF. THE 

STRATIFIED ROCKS. 

218. A CAREFUL consideration of the statements presented in the preceding 
chapters will have prepared the student now to commence inteUigentlj the 
study of the history of the formation of the several great systems of stratified 
rocks J or, in other words, the history of our earth and of the life upon its sur- 
face during the successive epochs of time when the several great divisions of the 
stratified rocks were in the process of forrrmtion. 

This' history may be presented in two ways ; namely, by investigating, or 
tracing it backwards, from the present to the past ; or by narrating it as 
nearly as possible in the order in which it occurred. The latter method is 
preferred as the most intelligible, and as being also in conformity with the 
manner in which history in general is studied. 

" As, however, to present this history in full, even so fer as already known, 
would reqmre a library rather than a book, what will be here given must be 
taken as a mere abstract — a chronological table — ^rather than a history, by 
means of which the student will be able to refer to its proper place every 
detailed account (which he may either read or observe for himself) of its 
different portions." 

219. What are the Oldest Roeks?— Eegarding the for- 
mation of the rocks which compose the crust of the earth 

QuxanoNB. — ^Wbftt causes are assigned by geologists for the eztinction of species?^ 
What subject in order comes next under consideration? In what order may the history 
of the stratified rocks be presented ? What question of interest presents itself in tbifl 
connection ? ^ 

* In 1842, a large proportion of the molluscs on the shores of Northern Australia were 
suddenly exterminated by some apparently rapidly contagious disease. 
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as the result of successive processes, the question naturally 
suggests itself : What were the first formed rocks ? or, 
What are the oldest rocks of which we possess any posi- 
tive information ? 

If we accept the supposition that tho entire moss of our earth was at one 
period of its history in a molten fluid condition (see § 133), then the first 
formed rocks wore the product of the cooling and consolidation of the planet's 
exterior. 

Concerning the nature of this primeval crust, we have probahly no posi- 
tive information. The general opinion of geologists at the present day is, 
that no part of it is now in existence, and Uiat none of the rocks now open 
to observation can date back their formation to this pre-iiistorio or pre- 
geologlc epoch of the earth's duration. 

"Whatever may have been the nature of this primeval crust of the globe," 
says Trot Ramsay, "it must have been more or less completely destroyed 
and remodeled by the erosive action of water, and the remelting action of 
heat, long before tho commencement of even the earliest of our geological 
periods." ^ 

The variety or type of rock open to our observation, 
generally believed to be the oldest, is granite. 

^ The principal evidence, which induces this beUef, is derived from the fact^ 
that in all parts of the globe, wherever the base of the aqueous or stratified 
rocks has been upheaved to the surface and thus exposed to view, thcU base 
has been found to rest upon granite* "And we have every reason, moreover, 
to believe," says Mr. Jukes, "that if we could penetrate the crust of the 
earth, at any part of its surface, vertically, to a sufficient depth, we should 
in all cases, eventually encounter granite, and find it to be the final, undei^ 
lying materiaL"! The structure of granite, and its occurrence as an eruptive 
rock — i, e^ in veins, dikes,, etc — is sJso evidence that it has been formed en- 
tirely or in part through the agency of heat 

QnasnovB. — ^According to the theory of the former molten fluidity of the earth, what 
▼ere the first formed rocks ? What information hare ire concerning the prinusral emit 
of the earth ? Is any part of it probably in existence ? What type or variety of rocks ii 
generally belleyed to be the oldest f What facts lead to this inference ? 



* By the ** base of the aqneons rocks'* is meant the lowest aqneons or sedimentary 
rooks known in the particolar locality, whatever may be their age, and not neoessarUy 
the absolutely oldest aqneons rocks. 

t By some geologists the unlTersality of this prox>odtion has been questioned. (Sea 
paper on ** The Theory of the Transformation of the Sedimentary Deposits into Crystal- 
line Rocks," by T. S. Hunt Jour. Geological Society, London. ISM. pp. 488-4W; 
also Annual Scientific Discovery, 1860. pp. 304-4J11.) The affirmative is, however, 
nuintained by Mr. Jukes, at present one of tho directors of tho Geological Survey of 
Great Britain, and by other leading authorltiei. 
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These facts, therefore, led geologists at one time almost univeisallj to ax^ 
pose that granite, wherever found at the surface of the earth, was cUways the 
oldest of the rocks, and in reality represented a part of the original primeval 
crust of the globe. But these views are at present, however, whoUy aban- 
doned, since it is now known that intrusive masses of graniie penetrate and 
overUe rocks which have been formed during almost every period of ihe earWs 
history, 

Fia. 112. 




When granite also forms, as it frequently does, the nucleus or axis of 
mountain masses, the stratified rocks which rest upon the flanks of the moun* 
tain dip from the granite in every direction, as is represented in Fig. 112 ; 
thus conclusively proving, that the period of the elevation of the granite, and 
the formation of the mountain,, was subsequent to the deposition of the most 

recent of the strata that have been disrupted by it.* 

■ m 

While granite, therefore, is undoubtedly, in many cases, 
the oldest and lowest in position of all known rocks, it is 
not invariably so ; and its relative age in all cases c^n only 
be inferred from the age of the stratified rocks with which 
it is associated. 

Furthermore, if we adopt the generally received hypothesis, that all the 
materials of the earth, at a certain depth in its interior, are in a state of 
fhsion, it is probable that granite is even now in the process of formation, 
wherever molten mineral matter of the proper chemical composition is con- 
solidating under the requisite physical conditions. 

220. If we are inclined to speculate on the character of the material which 
would result from the cooling of the crust of a molten globe, we may reason- 

QuEsnoMS. — ^To what concluBions yrena the earlier geologists led respecting granite ? 
Is granite always the oldest rock? What facts prove that it is not ? What is said eon- 
ceming its relatiye age ? 

* In Fig. 112, Q represents a mass of granite forming the axis of a range, and 1, 2, 8, 
stratified rodcs, dipping from it in each direction, the eldest or lowest, No. 1, being next 
to the granite, and highest, or newest. No. 3, the farthest from it Now, M the strata 
1, 2, 3 mast have been depofdted in a nearly horizontal position, it is dear tiiat the grftoita* 
O, was not intmded until after the depoBition of N. 8 on the top of 2|o. 1 $od 2. 
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ablj donbt the possibility of the formation of so dense a rock as granite on 
a scur&oe ^ere the ezpansiye power of heat must have acted with the great- 
est hitensity^ (See § 45.) Mr. T. S. Hunt, of the Canadian Geological 
Snr^ey, indines to the ofHnion that the primittre rock must have rather 
resembled a variety of imp (dolerite) ; while other geologists have supposed 
that it had the character of porous trachyte, pumice, or obsidian (volcanic 
glass). (See §30.)* 

But however this may be, the granitic rocks may be assumed to consti- 
tute the basis upon which the stratified rocks rest We know, also, that the 
agencies which produced granite in the first instance continued to operate 
daring the formation of all the systems of the stratified Tocka as high up in 
the series as (and including) the Tertiary system. 

221. Relation of the Unstratified or Igneous Rocks to 
the Different Systems of Stratified Roeks. — ^The general re- 
lation and position, which the three classes of igneous rocks (granitic, trap- 
pean, and volcanic) sustain to the different systems of the stratified rocks, 
may be briefiy indicated, aa follows: 

Intrusive masses of granite are found most abundantly associated with the 
stratified rocks of the Azoic period, and with the older systems and groups 
of the Palaaozoic period. The great epoch of the eruptive intensity of granite 
would seem to have termmated with the deposition of the rocks of the Silu- 
rian and Devonian systems, aad its occurrence in the succeeding systems 
must be considered as exceptional. In Great Britain granite veins aro found 
tnirerslng rocks of the Carboniferous and Triassic systems ; and in the Alps 
and in Southern Italy granitic outbur^ and upheavals are associated with 
strata of the Cretaceous and Tertiary systems. No eruption of granite is 
believed to have taken place within the Becent or Historic period. 

Eruptions of trappean rocks took place most abundantly in the Mesozoic 
period, especially in the Triassic and Oolitic systems; and also in the Terti- 
ary system of the Cainozoio p^od ; whOe to all igneous rodcs which have 
erupted during the recent or present epoch we apply the name Yolcanic. It 
is, however, almost impossible, as has been before remarked, to recognize 
any very clear distinction between some volcanic lavas and certain of the 
more ancient traps. (See § 38.) 

QunrxoNB.— What was probably the natore of the first formed rooks? What may we 
assume as the bases of the stratified rocks 7 With which of th e systems of stratified rocks 
is granite found- most abundantly associated? How high up in the series does it occur? 
In what sysems do the trap rocks ooeur moat abundantly ? In what tixe volcanic ? 

* If we accept the theory that (dow cooling and enormous pressure are the necessary 
and concomUant conditions for the formation of granite, it may be questioned if it was 
ever formed at or near the immediate surface of the earth ; since molten rock, that once 
reached or came near the surface, and consequently cooled under normal conditions, 
woold not fbrm granite, but some other variety of igneous rock, such as trap or lara. 
Some geologists, furthermore, who adopt this theory of the deep-seated origin of granite, 
maintain, that -vrherever we find granite forming the present suiface of the earth we may 
be sure, that at th« time of its consolidation, it was covered with great masses of other 
rocks (possibly thousands of feet in thickness), and that these hare been dnce swept off 
and reaored by the action of water. 
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BOOKS OF THE AZOIC PERIOD. S03 

Fig. AA, wMdi represents an ideal section of the earth's omst, illostrates 
the manner in which the three classes of igneoos rodcs, erupted from below, 
penetrate and distribute themselves throughout the yarious STstems of the 
stratified rodos. 



STRATIFIED ROCKS OF THE AZOIC PERIOD. 

222. The First Formed Stratified Rocks,— The adoption of 
the theory, that our earth was once in a state of entire molten fluidity, in- 
Tolves the existence of a subsequent period, when its primeyal crust had 
BufiOcienily cooled down to allow of the condensation of watery vapor and of 
the existence of a sea upon its sur&ce. Whenever this happened, the erod- 
ing and destructive action of water must have immediately manifested itself 
while the particles of the consolidated igneous crust, worn off by the action 
of waves, tides, and currents, and deposited as sediments, would naturally 
produce stratified formations. 

The internal heat of the earth at that period, however, must have con- 
tinued to act with great intensity near the sur&ce, and the strata first de- 
posited, consequently, were, in all probability, soon greatly metamorphosed, 
t. e,, remelted down to form igneous rocks, or converted into hard, crystalline, 
semi-igneous rocks, that retained, in part, their joriginal lines of stratification. 

Whether any of these first formed stratified rocks are in existence, and 
open to our inspection, it is impossible to nffirm. Some geologists incline to 
the opinion that they were entirely re-melted, and are now represented by 
the older or fimdamentol granites, which, in some instances, appear to have 
an obscurely stratified structure. 

Be this as it may, it is, however, a matter of fiict, that the oldest rocks of 
which we have any knowledge, which exhibit evidence of -a sedimentary 
origin, appear to have been formed under conditions antilogous to those above 
supposed. Thus, they are all more or less crystalline and indurated ; their 
lines of stratification are indistinct, and often altogether obliterated; and 
their whole aspect is very different from what is usually ascribed to rocks 
deposited in water. * 

223. Geologists are not fully agreed aa to the order of succession of the 
several varieties of these primitive stratified rocks, or as to the manner in 
which they may be best arranged, or divided into groups or systems — ^the 
whole formation being of immense thickness, and imperfectly explored. As 
regards the order of succession of rock varieties, it may, however, be received 
as a general truth, that gneiss, or rocks of a gneissic character, occupy the 
lowest position, or constitute the base of the series of stratified rocks. In 



i^UEsnoKB. — ^Under yrhai circumstanoes is it inferred that the first sedimentary rocks 
irere deposited ? Are any of these rocks sapposed to be in existence? What are their 
eharacteristie featores ot the oldest stratified A>eks known to us? In what manner do 
the varieties of these older rocks sncceed each other? 



• 
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mrnij inskanoefli this gneiaa owi hardly be du|ti2)giii«hed ^?om granite, «iid 
BometunoB undoubtedly passes into it 

Succeeding the gneiss^ and resting upon it, we have gro^po, or depps^ti^ 
of schistose rocks — i. e., horfMende-schisij taJcose-schistj rmcorschist or date — 
occurring in about the order named ; with formations of crystalline or meta- 
morphio limestones, serpentine, and steatite ; while above them, we find qumrtz 
rocks and aigillaoeous or clay-slates.* 

Of thk( series, the gneiss at the bottom, the mica-schists occupying an in- 
termediate position, and ^e day-slates at or nei^ the top, are the rocks 
which appear to be the most eztensiyely dev^oped. 

224 The period of time represented by the formatiou 
of these most ancient sedimentary rocks, acad by th^ unr 
stratified or igneous rocks below them, is generally termed 
the Azoic (wanting in vestiges of animated nature), inas- 
much as we have little or no evidence that any form of 
animal or vegetable life existed at that epoch upon the 
surface of the earth — all the rocks above described being 
characteristically barren of fossils.f 

225. Scenery of the Azoic Period. — ^A picture of the soeneryc^ 
this period of the earth's history has thus been imagined by Hugh HIUot* 
During the earlier part of the Azoic period, " we may imagine^" he says^ "a 
dark atmosphere of steam and vajlDr, which for age after age, oonceals the 
&ce of the sun, and through which the light of moon or stars never pene- 
trates; oceans of thermal water, heated in a thousand centers to the boifing 
point; low, half-molten islands, dim through the fog, and scarce more fixed 
than the waves themselves that heave and tremble under the impulsions of 
the igneous agencies ; roaring geysers, that ever and anon throw up their 
intermittent jets of boiling fluid, vapor, and thick steam, from these tremulous 
lands; and in the dim outskirts of the scene, the red gleam of fire shot forth 
from yawning cracks and deep chasms. Such would be the probable state of 
things among the times of the earlier gneiss and mica-schist deposits — ^times 

QxTEsnoKS. — ^What rocks of these series are most extensirelj dereloped? What name 
is given to the period represented by the formation of the oldest rocks? 



* The physical characters and mineral coiDposition of these rocM hafl been partijOQlurly 
described in Chapter VL, entitled *' Varieties and Lithological Characters of the Meta- 
morphic Rocks." 

t The student should here be cautioned against receiving the impression that g^neiss, 
mica-schist, talcose-schist, homblende-schist, quarts rock, clay-slate, eta, wherever ttnmd^ 
belong ezdusirely and invariably to the Azoic period. On the contrary, rocks possessiDg 
the same characters are occasionally found interstratifyed with fossiliferons rocks of other 
and much more recent geological periods. All the rocks above enumerated are supposed 
to be sedimentary rocks, changed and altered ; and although they are the eq;>ecially char- 
acteristic rocks of the Azoic period, yet simllax formations have been prodooed whtrevcdr. 
metamorphio influences have oi>erat«d under similar eircamstancefc 
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boried deep in that diaotio night whioh must ha^e ooi\ttnued to exist foi^ 
mayhap, many ages after that beginning of things in which God created the 
heavens and the earth." 

" At length, however, as the earth's surfiEu^ gradually cooled down, and the 
^iveloping waters sunk to a lower temperature— let us suppose, during the 
latter times of the mtca-schiat and the eai:lier times of the clay-glato— the 
steam atmoq>here would become less dense and thick, and finally the rays of 
the sun would struggle through it, at first doubtfully and dif^^ised, f<Mrming a 
fidnt twilight, but ^^ually strengthening as the latter i^^ of the slate 
formation passed away, until, at the dose of the great prhnary period, d/Skj 
and night — ^the one still dim and gray, the other wrf^ped in a paU of thickest 
darkness — would succeed each other as now, as the earth revolved on its 
axis." 

226. Fandftd and imaginative as this picture of Hugh Miller undoubtedly 
la, it muirt nevertbelesa be confessed that the structure of the rocks of the 
Azoic peiiDd does not militate agt^mat its corpeotnesa. Thus, no one of the 
rocks to which a sedimentary origin is ascribed, exhibits more remarkable 
examples of flexures and contortions than' the older or fundamental gneiss; 
and the moat unskilled obaerveiv on inspecting them^ is iiresistibly led to the 
conclusion that the layers of the rpck were OAce \n a semi-fluid state, and in 
that condition were subjected to great disturbance. (See § 80, also Figs. 23, 
26, and 21.) ^*In the overlying layers of micc^ talcose, and hornblende- 
^d^istfi, there is also much contortion and disturbance ; whereas the clay-slatei 
which Hes at tiie top of the series, gives evidence, in its mere mechanical 
texture and the regularity of its strata, th&t a gradual refhgeration had been 
taking place, and that the close of the Azoic period was comparatively cool 
and quiet" — Mn.Lifti. 

227. Classification of the Rocks of the Azoic Period. — 
TVe have already said that geologists are not fully agreed as to the manner, 
in which the stratified rocks of the Azoic period — the gneissic rocks, the 
schists, clay-slates, etc. — should be arranged into systems or groups. The 
nomenclature also used to designate them by different authorities is not uni- 
form. 

By many geologista, especially by those of Great Britain, the stratified 
rocks liere referred to the Azoic period have been divided Ihto two groups 
or systems; — ^the upper, termed the " Cfambriaiij" fix>m Cambria, an ancient 
name of North Wales, where the system is extensively developed; while the 
lowei^ and older rocks, from their changed and altered appearance, have been 
known as, or called the ^^Mriamorphic System^ 

In North America^ the stratified rocks of the Azoic period have ajso been 
divided, by the geologista engaged in conducting the survey of Canada, into 
two groups or systems — ^the lower system being designated as the " Lauren- 
iian^^^ and the upper as the "Bwronia'n!^ — names derived firom localities 

QmwnoN.— In what laaamr lu^v^ ttw rockft of Uw Ax^io period beea clan f jfii^ l^j^ 
dilbrtnt geol<^(lcti? 
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vrhere the rocks in question ha^e been especially studied; namely, the 
Laorentine mountains of Canada^ and a district in the vicinity of Lake 
Huron. 

The eminent American geologists, Profe. W, B. and H. D. Rogers, who 
haye conducted the geological surveys of Virginia and Pennsylvania, also 
divide the stratified rodcs, formed prior to the PalsBozoic period (i. e^ in the 
Azoic period), into two groups, but dedgnate the upper group as the AzoiCy 
or Semi-metamorphic; and the lower, the BypozaiCj Gneissic, or True Meta- 
morphic. The term Hypozoic (vtto, under; and ^oij^ life) thus used, implies 
that this partbular dass of rocks is not only barren of fossils, but that it lies 
below all the formations that can be c(msidered as fossiliferous. 

Taconic System. — Another distinguished American geologist (Prof 
E. Emmons, of New York) considers that a portion of the older sedimentary 
rocks of America exhibit such marked and agreeing characteristics as to 
warrant tixeir arrangement into a distinot and independent system, called the 
Thconie; but this opinion has not<, however, been generally accepted. 

The enumeration of these divisions of the rocks of ihe Azoic period may 
possibly seem to the student as needlessly minute ; but as they aro constantly 
referred to in modem geological treatises and discussions, some acquaintance 
with them is certainly desirable. At the same time, the classifications of the 
English and Canadian geologists, as well as those instituted by the Messrs. 
Rogers, may be considered as in general equivalent, and corresponding to 
one another. With these explanations, and adopting the nomeilclature of. 
the Canadian geologists, a description of the several systems will now be 
given in order. 



LAURENTIAN SYSTEM. 
Stnonyms. — Metamorphic System — True Metamorphic — Gneissic — Bypozoic, 

228. The Laurentian mountains, from whence this sys- 
tem derives its name, traverse Canada, north of the St. 
Lawrence, throughout its entire length, running parallel 
with the river, and at some points in close proximity to 
it. The rocks composing this system — ^principally gneissic 
rocks, crystalline schists, and crystalline limestones — are 
the most ancient sedimentary rocks known upon the con- 
tinent of America ; and are supposed to correspond in age 
with similar ancient rocks found in Finland, Scandinavia, 
and the north of Scotland. 

. QuxsTiOMB.— What relation exists between its differently desienaated diyifions ? From 
▼hence dots the Laurentian syttem derive its name ? What is said of the age at the 
Laurentian rocks ? 



1 
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Distribation* — ^In North America the Lanrentian STstem extends 
throaghout Canada — ^including the Laurentian mountains — ^and through a 
portion of the Hudson's Bay Territory, as far north as the Arctic Ocean. 
It also occupies the eastern shores of the continent, north of the Gulf of St 
Lawrence. In ^ew York, the rocks which compose the Adirondac Moun- 
tains are believed to belong to this system ; jts do also the rooks which con- 
stitute the Ozark Mountains of Missouri, the Washita Hills, south of the 
Arkansas, and the Whitchita Mountains of Texas. Another area of these 
rocks occurs in northern Michigan. 

The rocks of the Laurentian system are imfossiliferous, or azoic ; and, in 
&ct, are generally regarded as having been deposited prior to the introdocy 
tion of life upon the sur&ce of our planet They are everywhere travereed 
by veins, or immense intrusive masses of granite, syenite, porphyry, or. other 
eruptive rocks — a circumstance which, of itself, would indicate a most dis- 
turbed condition of the crust of the earth during the period of their formation, 

229. Economic Minerals of the Laarentian System. — 

The rocks of the Laurentian system afiford many valuable minerals. Of these 
the most important are ores of iron, which occur for the most part associated 
with hard, crystalline limestones. In Missouri, the deposits of iron ore, which 
exist in these rocks, are among the largest on the globe, and include the cele- 
brated Iron Mountain, which is 300 feet high, two miles in circumference, and 
entirely composed of magnetic oxyd of iron. Immense deposits of iron ore 
also occur in Laurentian rocks in the Adirondac district of New York, and 
at various localities in Canada. Ores of lead, copper, and baryta, graphite 
(black-lead), large plates of mica^ and many valuable gems, are also afforded 
by the rocks of this system in Canada and the United States. 

The aggregate thickness of the rocks of the Laurentian system in North 
America has been estimated at 20,000 feet* 

-] 

QtnsnoNS. — What of their distrihution? Do they afford any traces of fossils? What 
important minerals are found in this system? What is the estimated thickness of the 
Laurentian rocks of North America? 



* Notwithstanding what has heen already said on this subject, (see §§ 89, 96), it maybe 
a matter of wtmder to the student ** how strata, many of which are evidently of a super- 
ficial nature, can be eoUeet^ in piles, amounting to several miles in thickness, and how 
such an extent of vertical accumulations can ever be known and measured. Coal beds, 
for example, are nndersfcood to have been deposited, each originally at the surface, yet 
they are repeated at intervals of variable distances apart, amid parallel layers of sand- 
stones, shales, and limestones, any one of which may occupy from a few fe^ to one hun- 
dred feet or more in its recurrence. Sandstones, like those of the Gonneoticnt Biver 
Valley, containing impressions of tracks of animals, are also found in beds of Several 
hundred feet in thickness. Now, the only explanation for such phenomena must be, that 
the surface was gradually subsiding during the periods of these accumulations. The 
times of slow subsidence were represented by the gathering of the fine sediments, or the 
growth of the ooal plants, and those of rapid subaldenoe by the in-flow of the coarse sand 
and pebbles which now form the beds of sandstone and conglomerates. Thus, the strata 
eonttnned to be piled upon each other so long as the same system of operations lasted 7 
flsd thus it was that the Laurentian rocks reached their aggregate thickness of 20,000 
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CAMBRIAN, OE HURONIAN 3TSTE1I. 

230. In many localities in Kofth America there is 
found, reBtiug unconforniably upoa the roeka ,of the X4SU- 
reDtiaa eystem, a series of schists, slates, hard sandstoDes, 
and conglomerates (with some limestones); which, from 
the feet of their attaining a vertical thickness of about 
12,000 leet on the north shore of Lake Huron, have been 
termed the "Haronian System." 

The coDaUtaenla of these rocks, moreorer, have eTidentl; been mzuntj de- 
rived Qroio the waste of the older roeka, on the eroded aurfecea of which they 
rssL They also exhibit leas striking evideitce of meiamotpbio action than 
the rocks of the lAurentian ajatem beneath them. 

To Europe, n series of rocks, supposed to eoirespond with the HuiooiaQ in 
geological age and poaition, ia known as the Cambiian, and is vei; ezteas- 
ivelj dereloped in Great Britain, Bobemits and 8candin&viA< — the beds in 
some localitiee attunjjig an apparent thidcneas of 36,000 feet. In Oieat 
BritiUn especially, the Cambrian ^stem ioclddea vast beds of cUy-sl^, wbich 
in Wales fimish the celebrated quarries of Welsh rooOi^ slate. 

S^ 113- 231. Notwithstanding the great thicknws of 
the rocks of this system, they afford scarcely 
^ any traces of the existence of life during th^ 
period of their deposition. 

k la America and Bohemia none whatever hAve been re* 

' denized; butinOreat Britain, in theclay-alatee^whichoccur 

high up in the a^atem, and aippBtt to have been deposited 

L aa Sue sedimanta in quiat wateia, a few foasils have bean die- 

* ^ covered. The prindpal of these are the imprea^ons of a 

Bmall, plantlike zoophyte. Fig. 11'^ (called Oldhaiinia, from 

Prof. Oldham, ita discoverer), a few fUcdda (sea-weeds), and certain tracks 

and burrowa, which oie believed to have been ma^ by marine woima. 

QciSTioss.— Wbit reck* an Baper-Imvoud upoa Uw LuinaUui Byrtoa In tUi uon- 
tr^t Whitiiuldsf Ibeli compwdtiaH uid climotsrf Wlut cainv«lA>i>S Hiies of 
rockiexldtslaEarDpoJ Wlut orgudo lanudiu luva be«i ■Anp^od b; U)ls sj^tsia T 

fMt. Wbea nplUted lo fona tba bllln ind nJlers or a. coDtinent, Uidr borizaDtiil ti- 
ndgecnent La dlitorb^, the stiata an burned upward u u to proient ^nuptAd endi and 
edgei (Ka Figa. SI and 49), and by tlielr Blsi^e and mdulaUns poriUoa, each In Ita tun 
!• brouglit to the lurraise, and all ma; be meaurgd, •om« bi one \acaiXif and huh iq 
aaotber. Sabteqaantly ta tbia apliftlDgi dflDndlDg fbioa bava been in aatioi^ rejaorliig 

ImmeuBe portdoDt, eblelty of tba moaC Novated "i^fw^* 

aeu, nawer focnudana frsm tho Tiedc of Oa old. In tb 
produaed. Thoa, after a BTBLemaUo plan, and vlUi v\ 
nsta of nan, tlu vubnii nacfol mat«riali of all tbe itiata aia bnmgbt wUUn bli nach." 
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Tbe iaterest which attachea to these &w fos^ is vwj great ; Ibr aa the 
moat asiiduoua reaearcbea have thus far tailed to detect aoj oUier traces of 
orgauizatioQ In this sj^tem, we may iiurlj regard tbeae relica aa the repre- 
BentativeB of the first fi^nia of life that appeared Dpon our planet. Had other 
nniirml" or plania roallj esisled duriag thia ancient epocb, it seemB probable 
that some indicatians of them would bave been discovered ; eapadallj aa the 
hardened sedimentf^ in which tbe above-mentionecl fbe^ls occur, are com- 
poaed of such fine particles, and are so little altered, that thef bave retained 
tbe most minute impressions which bate been made upon their snrfiicea. 

Thus, in some ioBtances, where the strata appear to bave constituted the 
shore of an ancient ocean, thej are covered with distinct wave or i^le- 
maiUnga ;. in others, "tbey have evidentlj been subjected to a drying pro- 
cess, so tbal^ SB happens with the bottom <^ a muddj pool, laid dij dut^ng a 
BummerdroughC, they are cracked into uregularpolfgonai divisions; and a^ . 
when agun subme^ed, a sudden dcpo^on filled up the cracks, we can still 
trace the martcs of desiccation as distinctly in the stooe as if they had bee^ 
made by the sua of a previous week." 

FlQ. 114. 



The same sur&cea are aiso frequently covered with small pita or impres- 
slona, which are believed to have been made by the striking of drop5,of rain ; 
and these, sometimes, by their unitbrm obliquity of imprint, clearly register 
the direction in which tbe wind waa blowing at the time of their production. 
Fig. 114 represents tbe upper and under aiu£ice of a thin layer of gbale 
marked with rain impressiona and worm-track^. 

Such impresfdons or markings, ore not, however, confined to the rooka of 
the Cambrian system; but, on tbe contrary, they may be observed upon 
almost all strata, compssed of finely divided particles, wbicb bave been do- 
posited under similar drcumstBuces. 

-Wbtt pscDlUr lulMwM KtUcbsa to tksnit Wbtt InUnaHng mtrtjii(« 
ama of tha rooki of tbta ■jvtam^ 
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PALEOZOIC PERIOD. 

232. The stratified rocks of the Palaeozoic period are 
arranged into four systemS; viz. : the Silurian, the Dev- 
onian, the Carboniferous, and the Permian. 

« 

SILURJAN SYSTEM. 

233. This system of stratified rocks derives its name 
from the circumstance that it was first studied and in- 
vestigated, by Sir E. I. Murchison, in the district of coun- 
try between England and Wales, anciently inhabited by a 
tribe of the Britons, called " Silures.". 

Distribution . — The existence of this system, in Great Britain, was de- 
termined by Sir E. I. Murchison, in 1839. Since then, an equivalent series 
of rocks has been ascertained to exist in most of the countries of the globe. 
Thus, they have been foimd in Great Britain, Scandinavia, Germany, Russia, 
France, Spain, Portugal, Turkey, various parts of Eastern Asia, through- 
out Siberia, in South Africa, Australia, and even at the Falkland Islands, in 
the extreme southern hemisphere. 

In North America, a series of rocks^ of the same age and geological poa- 
tion, is developed upon a most gigantic scale, covering a vast extent of 
Canada and the Hudson's Bay Territory, and occupying, in detached masses, 
an area in the United States more than a thousand miles in length — ^from 
Canada to Alabama — and extending from New York, westward through the 
Valley of the Ohio, to points beyond the Mississippi 

In all these districts, so geographically remote, the system is marked by 
the same peculiar fossils ; and though the strata may differ very greatly as 
regards their mineralogical composition — shales in one locality being replaced 
by slates in another, sandstones by quartz rocks, and soft calcareous rocks 
by hard limestones — yet the moment the geologist detects certain character- 
istic organic remains he can have no doubt aa to their position in the geologi- 
cal series. 

234. Characteristics of the Silurian System. — ^IJnder what- 
ever circumstances the strata, which constitute the systems (Laurentian and 

Huronian) which precede the Silurian, were deposited, they exhibit, for the 
most part, as has been already stated, a peculiar metamorphic, or altered 
appearance ; while the lines, which indicate the alternations of deposits of 

I II lll_BII ■-* 

QuxsnoKB. — ^Wlftit systems are induded in the Palssozoic period ? What is the deriva- 
tion of the name Silurian ? What is said of the distribution of the roeks of this system ? 
Are the strata of the Silurian system all alike, mineralf^ioaUy, in different parts of the 
world ? 
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■edimeiitM? matter, ara indifitioct, tuid odea eutirelf obliterated. We can 

Do^ for ezample, in inspoctmg a formRtioo of ^dss, mica-scliist, horobleade^ 
schist, quartz- rock, or other cryBtaJIine Bedimentaiy deposit, aaj exaoUy what 
vaa ths original coaditioa of its coDstitueat particles ; aeither can we orrire 
at tay satialacloiy oooclimoDs as to the nature of the woa la wtiidi the; 
were dspoaited. 
In the Sitariaii Bjstem, however, the aspect oT a series of slrsta is widely 
^different Srtty altematiou oT depodt is distinct and evident Beds of 
shale, Bandstones, pebbly coogUsaerates, aigillaceoua alates and limeatoaes, 
Ibllow one another in frequent succession, and retain their original Btructore 
■o peifectlj, that it ia not difScnlt to judge of the circuinstancos of thui fi>r- 
mation. 

FiQ. IIB. 



The Silurian syatem ia Europe rests upon the rocks of 
the Cambrian system. In this country it rests uncon- 
formably upon the Huronian rocks, in the vicinity of Lake 
Huron,* and elsewhere (in localities where the Huronian 
rocks are wanting), upon the Laurentian system. 

Fig. lis represents the manner In wliich the rocks of the Silurian sys- 
tem rest unconfonnably upon gnraaa, at the Falls of Montmorency, Canada 
East. 

235. DivisioDS of the SilnriBD Syatem. — The rocks of 
the Silurian syBtem may be divided into three great 
groups, viz. : the Uppeb, Middle, and Lower Silu- 

QonnoFfl. — How are tliey reeogulEed? A< 



* The sttsntioa at the itndent Is hers puUealaily directed to the great d^nlAcu 
«t the drcDmituuM of in sncoDfoimiibllllr (»s | 04) betneen Itaa st»tiaeA roCkt 
tvD gyitenu or Bedeo. In thli puUcuUr IniUnce, It ImpUei anmlaUkiblj thit ( 
ivckaar the BdkidIu irrtcm vsre deposited. oniKilldatBd, and al»nlad Into ingu 
podtioni. btfore the epoub at the romuHon of the Sllniiin ByaUm omnmenoad— a ler 
of erenta irhlch mnit hare reqnlnd a tbM period of time (the HoroiUaa aratom M 
lifiW feat Uiiek)> aa veil a* tba ■oUon of poverful dlatorbtDg tonsa. 
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bian; which are distingtushable from eaoh other bj a 
want of conformity, or by the peculiarities of their con- 
tained fossils. 

236. 8 abdiYiB ion 8 t-^Tbeee three groops in America ImTo been fortl^ 
eabdivi^ed into (at least) fpurteen minor groups, or series of Stn^ wbidh 
have been named mainly firom localities in the State of Kew Yotk^ wJm^ the 
rocks in question are typioallj d6Yel(^>e4. They- aro as fi>llow»> coiQiB^iiolQg 
with the lowest : 



LOWEK SlhVniAV, 

1. Potadam Sandstone, 
% Chazy Limestone, 
8. Caleiferoua Sand-rock. 
4. Bird^8-eye Limedone. 
6k Blaek JUver Limestone. 

6. Trenton Limestone. 

7. XTUoa Slates \ HadiBon Biver Group, or the 

8. Hi^dson Biver SUUe$. ) Blo^, or Gajena l4m^toiio pf the West. 



<■ Trenton Orpnp. 



MIPDLE SXLUAJAN. 

9. Oneida ConglomemUi or SUlery Sm^dstones of Canada, 
10. Medina Sandstone. 
lOi Clinton Group. 



UPPEB SIHJRIAN. 

11 m^ LvmesUme\ ^'•S*'* <^'^°P- 

13. Onondaga Salt Qroup. 

14. Lower Helderberg Qroup. 

Fia. 116. 



OPPEItCANADA 
*.3 



WESJERNNEWLYDRIC 
18. 




QirBBnoKB.— How (ire the rocks of the SUario^ system 4ivide4? Whi^tis said of th« 
mhdiyisions of the prinoip«l groups ? 
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Fig. lis dxnro the ^Edtkxi at Qm rooks of ths Sitariao ajrstam as the^ 
oueor la Upper Cwn"4» »nd Western Hew Tort On the left, it will be ob- 
taned that they rest upon the Lanrentian Eyatem, aOd are sacceeded upon 
the right by the rocks of the Devenian aystem. In thia section the Hnronian 
rooba are wanting, aa -vM aa ore several of tile other sabdiTiraons; it being; 
Tery rare to find all the divisiooa of a system ia one locality. 

In Europo, siniilar, or cquiTalent firirions of tlie rocks irf the Silurian sya- 
tnOt, bttvo been recognized, b»rt (he nMneo by Wbidl Ihey are designated are 
different &oni those adopted ia America 

237. Life of Ibc Period KepTCRCBted ij the SiUrian 
Sittem. — In the rocks deposited during the period of the 



earth's history, represented by the Silurian system, the 
remains of animals are often exceedingly abuodant.^ They 
are, however, almost exclusively the remains of inverte- 

l}(»Ti«ir.— H»T* equHaleW Uyiilfflu bMa tewgnlMi In Earop« t 
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brate^ marine uiimals — i. e., corals, echinoderme, molluscs, 
aoDelids (worms), and cmstacea — a circnmstance which 
induces the belief that only a email portion of what is now 
dry land was then above the surface of the water. 

Fig. 'll7 ia a laap, ahowliig (appnyzitnabij) how much of the present 
ooDtineDt of Europe was elerated ^ve the irater duiiog the Silurian epodi j 
the unshaded porliona repreeenting laud. 

333. Lower Bilnritn.— Inaiel(nrer^Diianroake,no troceofafldi, 

or of anj of the higher maniftetatioDa of vertebrate exiertence^ has erer been 
detected ; and althongb we find in them delicatelf rippled- msriced ehalea and 
sandstones, which point to the existence of qoiet wave-washed shores ; and 
p«bbl]( cODglomerateB, which bespeak gravel beoche!^ ; 
land plant, any more tban of a Pali, can be diacovered. 
been," eaya Hugh Uiller, "for many ages together, a 

339. The first positive evidence of the existence of 

Miles of stratified rucks occurs in the Potsdam sandstoi 

I^a 118 the base cf the L 

In ttiis fbmatioD, the greatest thick- 
. A^ uess of whicli ia about SDO feet, a veiy 
^K^^ i^v species of Ibssils have been found, 
^^^y Of these, the most charactenetia is 
a small bivalve shell, called Lingvla 
(see Pig, 118), which also occurs in" 
L that division of the Lower Silurian 
I rocks of Kurope vrhich is supposed to 
f be equivalent in age and portion to 
'le Potsdam sandstono of America. 
There ore also found in tbess oldest 
Slurian strata, the remains of an exceedingly curious family of Articulate (joint- 
ed) animal^ which, fi-om the circumstance that their shell or body is divided 
mto three lobes or parts, are called Trilobites. (Gr., rpsic, three ; and ?.o3o!, a 
lobe.) See Figs. 119, 120, and 121. When first discovered, theso fossils were 
supposed to bo the remains of insects, but they are now known to belong to 
the class enatacea. The animals wero of oval flgnre, protected by a shell 
which covered the anterior part of the body, while tho abdomen, or posterior 

ia «ld of the UfB of the period reprsMoted ij tbe BDarlin ijUiin f 
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portloD, bad nmneTouB segmeniB, that Mded orer «aah other like the ^dotea 

in a lobster's tail By tbia arraDgement the? were enabled to roll Ibemselvca 

up into a ball, so as to present tbeir bard plat«a in all direolioDS in self-de- 

FlO. 119: FlQ. 120. FlQ. 121. 



teee; as do the wood-louse and the anoadillo of the present day. In this 

condition they are often found. Their eyes, which in many ^>ecimena are 

very perfectly preaerred, were very curious, and consiated of a great number 

of angular &oettes, or lenses, similar to the eye of the dra- 

gon fly (ia which there are 25,000). "In order to ei- ^"^ ^^^■ 

tend die field of vision, «nce t^e eye was immoroble, it 

was elevated above the body; while its form was that of 

tbe .fhistmm of a cone, incomplete on the aide opposite 

the coireGpondiug part of tbe other eye; thos enabling 

the animal to see in all directions horizontally." This 

Btructnre of the eye indicates that the phenocnena of ligh^ 

and the conditions of vision, were essentially the same / 

during the ^urian epoch as at tbe freaeat time ; and [ 

also, that the trilobites lived in water sufBdently trans- i ; 

parent to transmit light. It may be also remarked, in this ' i 

connection, that Bngh ATilIer has suggested, that the ex- \ 

istence of a clear, transparent atmosphere was tbe most ]} 

conspicuous feature which distinguished tbe seanery of A 

tbe 9iluriBD epoch fhnn that of the close of the Azolo '{ 

Hg: 122 represents one of the eyes of the Trilobite 
(m^Tiifled), as it is Ibond fossil 

The TVilobitee were among tbe most abundant of tbe early forma of life 
tbat peopled our globe — no less than 400 distinct species having been reoog- 

QnanaSL— Dwerlb* ths TrlloUta. Wlul la tit al tbslr kbiiDAutear 
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■iiMl In fhe FaltBOEiNo BjatmuL Thej vafied in leDgth ftma one to twsnty 
Bctaea; and Beemed to buTs iwutBad ia the Silnmii iraters, just as crabs 
nd shrimps swarm in the seas o( our da; — whtAe mrka, in soma iostaoees, 
being formed almost eiclusivel; of tbeir remains. Id theTienton limestone, 
at Trenton Falls, N. Y., tbe; may be seea in tbe greatest profusion. 

As a lace, the Trilobites continaed to flourish (iL «., different specie!*) during 

the whole of the Silmiao epoch, bnt gradually died out in the epoch of the 

DeTonian system, and entirely disappeared from creation in the Carboniforons 

sydem, sfooe nben, no representative of these corioos animals has existed. 

Fio. 123. Pia. 124 



./ 



240. Ah we escend in the seriea of the Lower SQorian rocks, the fbrma of 
life are fbnnd to mnltiplf r«4>ld]r; and in the groups of strata immediately 
eurt%^LDg the Potsdam sandstone^ vrtiicli, as lOready stated, contains but a 
Tew spedes, the fbssil renwins of more than one hundred distinct species of 
. invertebrate animals Iiare been discovered. 

Some of the most commoQ forms in these ancient sedimentary depodte be> 
long to a family of plant-like zoophites (radiate), known to geologists by the 
general name of GraptelUa. Thoy seem to have lived upon a muddy bottom 
and to tiave thrown out, in all directions, lh>m a crater, (see Fig. 133) small 
serrated or feather-like arms. Fig. 124 represents portions of the arms of 
graptolites. 

The remains of corals are also fbond in the greatest abundance ; more 
spcicies occurring in tlie different divisions of the Silurian rocks in the State 
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of New ToT^ olaoe, thin are now livlngr upon the coast of Florida. Tig. S6 
repreienta mnoug fbrma oC SQunan corali; ¥ig. 12S, « 8p«des (Coloouuritt 
lUvBolata) fhim the Black River limestoDe of N. 7- 1 a>>A ^- 1^^ a beanti- 
fbl epedes of cbain cvtbI, which Is peculiar to the Uppar SUurbui. 



FlO. 135. 



PiQ. i3e. 



Besides graptolitee and corals, the radiata aro represented in both the 
Upper and Lower Sihrnaa roclis \iy a curious and beaatifUU; oi^anized 
^milj of Echinoderms, which, (Vom the roscmbhtnce of eomo species to a 
Sly, havo been called Crinoidi (Gr., Kpcvor, \i]j ; and etio^, (bnn), and also 
Enorinites. As those animals yero developed more fully at a later geologi- 
cal epoch, we defer fiirther notice of them undl wo como to the Carboniferous 
■TBtem, bnt for the present a good idea of their form may be obt^ed by es- 
unining Figs. 29 and 111. 

FlO. 128. PiB. 129. 




Great numbers of molluaoa (shells) aro also found in all f lie 

aiorian system, and comprise representatives of each of the 

TIE.: Acqdwla, Oaateropoda, and Cephalopoda (see g 19S); 

bcdng oloaely allied to existing forms, while others have no 1 

10 
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liviDg HDimaL Figa. 137, 128, and 129 repreBent some of the most conunon 
of these fbssUs — ^g. 12T repreaeatmg a biralve shell, tormed Terebraiuta; 
Fig. 128, a aimilM dieU, koown bj the name of OrOua; and Fig. 129, a 
gulerapod, uniTalve ahell, caUed Seilerophon. 

Uan7 of the SUuritUk Bbells are chambered 

(Cephalopoda); some being curved or coiled at 

in the species termed lituites (Fig. 130); wliile 

I otbers are straight. Of them lost, the most in- 

[ teresting ore the so-called OrOuxeratUei (Gh, 

oftSot, straight ; and Kepa^, a hom). They con- 

dsted of a straight shell (see Fig. 131). liivided 

into numeroos chambers bj septa or parlitJoDB, 

whid], in lurn, were perforated, so that a tube 

(aifdinnde) toight commmiical'3 with all of them. Thej are found of all 

sizes, from a few inches to ten feet in length, and a fix>t in diameter. In 

some specimens upward of seventy chambers have been counted. In many 

of the Silurian rocks (Black Biver Limestone, and Trenton Luneatone, K. Y.) 

they occur so sbundantly as to ovvhe and touch each other, rendering it 

difficult to procure a perfect specimen. This family continued to be repre- 

Belted by different species, in the Devonian, CarboniJerouB, and Triassic sys- 



Fia. 1 
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terns, when it Iwcame eitincl. Fig. 131, a, shows a part of the shell of an 
OrOioca-aiile ; h, a vertical eeclion of (he siioll, showing the ehamhors and 
the central tube runnmg throu,;h them; c, one of the septa or partitions ; 
and d, the termiDation of the shell, with the outer shell partially removed. 

With regard to the vegetation that flourished upon the earth during the 
(ho Lower Silurian epoch, we have no very satisCictory evidence; and Ihns 
far, the only remains discovered, appear to have belonged to low orders Of 
marine plants or sea-weeds. These occur, however, very abundantly in 

^ranuors.— ^bat wftaUiflGh^^cterof tfasTegatadoQof ^ifi Lover BUmiau T 
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nme looalitiN^ and in the Lower Khnian rooks of BngUnd Uu^ ercn 
compose impure b«ds of anthracite co^ Mrmal feet ia Uitoknau. In 
all cases the indiTidual plants, apparentlj from tlia original looaaneH of 
their texture, are hat indifferentl; preserved, bo that it is diScult to bao» 
any vay ckeo resemblance be- 
tween them and the planla ^"'- ^^^• 
whidk darken the halttide | 
locks of our coasts at t 
[oeeent time. Fig. 133 repi 
aeata the appearance of o 
of the oldest of tbeee tbeulsc 
weeds from tbe Lower Hlurian fi 
of America — the Pkf/lopaia iubit- t 
lontm of the Bird's-eje Ijme- § 
ttoDB of New York. , ^' 

241. Middle and Upper Silurian— Theqnestion may here natu- 
rally auggc9t itself 1o the learner; What reasoas have geotogista for dividing 
tharockii of tha Silurian syslem into twa or more groups — upper and lower^ 
or upper, middle, and lower? and is there any evidence of soch divisions 
really existing in naturoT To this wo reply, that in many localities tho . 
strata of the Upper and Middle Silurian rests unconloFniably upon those of tho 
Lower Silurian; thus showiug that tho Lower Silurian epoch terminated with 
a more or leas general disturbance of the earth's sur^e, which not only pro- 
dnced a break in tho deposition of tlio series of strata, but olerat^d the pre- 
viously formed rocks inlo angular, unnatural positions. Wo also find, that 
l>etween these two e]>ocli<i, tho character of tho lifo peopling tho surface of 
the earth manifestly changed ; not only many species, but oven some entke 
genera dying out, and other new ones being introduced. Tlius, according to 
Prot Owen, of forty-three genera of Trilohites, found iu the Lower Silurian 
ro<^ thirteen genera, including many species, seem to hare entirely perished 
befbce tiie Upper Silurian epoch commenced, while other apecies, forming 
new genera, appear for the first lime, in tho upper gioup, lo occupy tbeir 
places. In short, while the fossils found m tho Middle and Upper Silurian 
rocks l>elong lo tbo same classes, tho same orders, nud in many instances to 
ttie game genera of animals, as tiioso occurring in tbe Lower Silurian, only a 
comparatively few tpecies extend over tba break (if we may so express it), 
and are common to both tho upper and tlie lower groups. "Thwo long- 
surviving ^leciea," says a recent authority, " appear to have lived in great 
depths of water, and to have ranged over hage areas of tho cartli'a surface," 
a circumstance which may account for tbeir exemption from tho dostruction 
that involved their cotemporaries. 

The species of marine animals (invertebrates) are more numerous in the 
rodo of the Middle and Upper Silurian groups than in those of the Lower 
Silurian; but aome great beds of limestone, in both groups however, can 
liui ■jM«iii Into 
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■rarcelj be regarded aa deports at all, inasmuob u ererj cilcareotia parUda 
of wbich tbey are composed, was at oae time i(S30cial«d witb ammal lUe, as 
the segments ofTrilobi tea, the fibme-work of coral^ or the sheila of mcdltucs; 
■11 of wbioh lived aad died upon the tpot that the rocks now occiip7. 

Y,„ ijj Of the corals of the Upper Sflmian, 

Fig. 133 rejaeaenta one of the most strik- 
ing species — OyaSuiphyUam — the re- 
maios of which are oftea mlilakBii for 
fonil homs. Fig. 134 represeats a cari- 
ous oup-shaped coral, the Gj/aihaxotua, 
Concerning these andcat coralf^ a 
very cuiioua &ct haa been noticed, 
which the itndent caa veri^ for him- 
self; namely, thej are all stars of fbar 
Taj-3, or of multiples of four; while the 
Fig. 131. 



modem corals arc stars of sis rajs, or of malliples of air. At a certain de- 
finile epoch, however (about tho close of the Palreoioio period), nature, in 
farming this class of creatures, discarded the number four, and adopted 
the number sii; retaining ot the samS time tho idea of tho star pattern, which 
diaracterizea equally tho modem and the ancient typea, — Hnuu Millee. 

Figs. 135, 136, 137, and 138 represent a few of the characteristic shells 
of the Upper ffilurian: Fig. 135, L^lana depre^sa ; Fig. 136, DtUkyria Siagar- 
enab; Fig. 137, Spirifer radlatas ; and Fig. 133, a f^al shell termed Penla- 
miTTt*, some species of which ooeurin such abundance that they fonn no incon- 
siderable part of tbo mass of some limestones belonging to the HehJerberg 
series ofthe( American) Upper Silurian group — viz,, the Pen lamerus limestones. 

New forms of cruatacea make their appearance at the c]o90 of the ayatem, 
some of which resembled our present lobsters in external shape, but appear 
to liave had a length of from six to eight feet — a circumstance wbich atrik- 
inglf illuatrates a characteristic of the animala and plants of these ancient 
timea — n^nely, that they united great size with such a low grade of organi- 
sation, as at the present day v/6 find to be always restricted to forma com- 
paratively minute. , 
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Of marine plants, or wa-weedB, ten species have^been described, ftom Ibe • 
Upper Silurian rooVa of America, one of the most interesBng of which (^riAro. 
jAj/aa Sarlaai) is repraaented bj Fig. 139. 

Fig. 1D7 represents a ibeol Silurian star-Qah ; and Fig. 140, certaln-tracks 
or marldnga found on Btrata of the Upper Silurian, which are supposed to 
have IjoeD made by marine worms (Annelids), crawling over a mad aurfaoa 
PiO, 139. 242. Fishes.— In the uppermost 

rocks of the Silurian system, immedi- 
ately UDder the base of the neit overij- 
ing Erstem (the Devonisn), ths remains 
of the earliest known fishes oocur — as- 
Edciated with what also appears for tiie 
Grat time, namely, Ibe firagmenta:? re- 
taoins of a terrestrial vegetation — thus 
indiaiting that the first vertebrate ani- 
mals, and the flist laud plants, w«re 
Fra 140 




called into existence upon our planet at nearly the some epoch. As these 
TenaiuB, however, seem to be in anticipation, aa itwore, of a groater develop- 
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ment of the same forms of life during th^ Deronian era, a description of them 
is deferred for the present.* 

243. Tlie Tliickness of the Silurian System. — ^The estimated 
aggregate thickness of the stratified rocks of the Silurian system varies for 
different countries. In North America it has been estimated at about 11,500 
feet; but in Great Britain the estimates are much greater, viz., 20,000 feet 
at least for the lower Silurian group, and 7,600 for the mid.dle and upper 
groups; or an aggregate of nearly five miles of strata. Many of these strata 
must^ moreover, have been of exceedingly slow deposition ; some evidently 
having been deposited at the bottom of profound seas, far torn land, and 
below the zones of animal and vegetable life ; whUe others were undoubtedly 
formed more rapidly in shallow tropical seas, swarming with marine life. It 
should be also borne in mind, that, throughout all this great thickness of 
strata, no remains, or trace of any reptile, bird, or mammal, have ever been 
discDvered ; a circumstance which may be considered as conclusive, that there 
were none of these animals in existence at this epoch. 

244 Mineral Deposits » — ^In an industrial point of view, the rocks of 
the Silurian system are of no great importance. Some marbles are obtained 
from the series, as well as flagging and roofing slates; also some archi- 
tectural sandstones, and hmestones suitable for building and mortar. The 
mineral deposits belonging to the Silurian system of the United States, are, 
however, very valuable. As examples, wo may mention the deposits of lead 
(galena) found in the Yalley of the Upper Mississippi, which are the most 
remarkable in the world ; and occur in that division of the Silurian system 
known as the Hudson River group. The rock also in which much of the 
native copper of the Lake Superior district occurs is the Potsdam sandstone. 
. Most of the salt springs of the United States issue from rocks belonging to 
the Silurian system ; and there is also reason to beHeve that all the gold of 
the eastern United States and of California is associated with metamorphic 
rocks of either the Silurian or Devonian systems. 

• 

DEVONIAN QY^TEU^Old Red-Sandstone. 

245. This system, which is next in order above the 
Silurian, derives its name — "Devonian'' — ^from Devon- 

QXJZ8TIOI7B. — What is said of the thickness of the rocks of the Silurian system? What 
of its mineral deposits? What system ik next in order aboye the Silarian? ^7 what 
names is it de^gnated ? 



* The student who desires to render himself better acquainted with the fossils of the 
Silurian system, as developed in North America, will find detailed descriptions of them, 
with illustrations, in the reports of the geological surveys of the different states and of 
Canada, especially in the reports of the Geological Survey of New York. At the State 
Geological Hall, at Albany, N. Y., there is also open to inspection a complete collection 
of the fossils themselves, arranged in the order in which they occur in the different 
groups and beds of this system, and conspicuously labeled. 

In inq>ecting this collection, the interest of the observer will be greatly enhanced if he 



DEVONIAN SYSTEM. 223 

shire, ia England, where portions of it are especially de- 
veloped. It is also very generally known as the '^ Old 
Bed-Sandstone" from the circumstance that in Great 
Britain and other localities the system is largely made up 
of a* succession of sandstones and shales, which are colored 
red, by the presence of oxyd of iron. 

246. Distribution. — The Devonian system, like the 
Silurian, is one of the great general systems of the strati- 
fied rocks, and there are few regions of the globe, it is be- 
lieved, in which some one or more of its groups do not 
occur. 

In Europe it. ia very extensively developed ; as in Great Britain (where it 
has been made celebrated through the labors of Hugh Miller) ; in France, 
Spain, Belgium, and especially in Russia, where it covers at least 160,000 
square miles of sur&ce. 

In this country it also occupies extensive areas, but is less geographically 
extended than the Silurian system. Its greatest development occurs in the 
States of New Yoric and Pennsylvania ; but fix)m thence, stretching to the 
west and southwest, it gradually diminishes in thickness and ultimately dis- 
appears. Devonian rocks are also known to exist in New England, in 
Canada East, and in the more northern portions of the continent 

24T. Divisions . — ^The groups and subdivisons of the rocks of the Dev- 
onian system recognized in New York are as follows, proceeding from th9 
highest of the series downward : 

CktUkiU Group. 

Genesee Slate. 
Hamilton Group. 
Mareellua Shale. 
Upper Helderberg Group. 

Cauda Gam Grit. I ortekany Group. 
Onskany Sandatone.} 

Fig. 141 is an ideal section representing the ^divisions of the rocks of the 
Devonian system in North America. 

QvESTioNB.— What is said of the distribution of the rocks of the Devonian syctemf 
What of its divisions into rooks and groups ? 



considers for a moment the great antiquity of the forms before him— an antiquity so 
rast, that the ]»eriod representing the duration of Uie human race upon our planet 
dwindles, by comparison, into an insignificant moment. 
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1. Upper Snoiian; 8. Oriskany Sandstone; 3. Cauda Galli Grit; 4. Upper Helderberg 
Gronp; 6k ICarceUos Shale; 6. Hamilton Group; T. Genesee Slate; 8. Portage Group; 
9. Chemung Gronp ; IOl CatskUl Gronp ; 11. Carboniferous System. 

These rocks and groups of the Deyonian STStem, although mainly named 
from localities in the State of New York, where they are typically developed 
and have been especially studied, are represented by equivalent formations 
in different parts of the country. Thus, the Oriskany Group, n^med from 
Oriskany, in New York, extends from Southern New York southwesterly to 
Tennessee, and westerly about 300 miles. The Chemung and Portage Groups 
have also an equal extensioB. Limestones belonging to the Upper Hetder- 
berg Group are widely developed throughout the Appalachian chain of 
mountains south of the Hudson River, and westward, both- in the United 
States and Canada. The CatskiU Group is principally developed in New 
York and Pennsylvania, and forms the greater portion of the Catskill moun- 
tams. Succeeding the Catskill group we find rocks belonging to the Car- 
boniferous system. 

248. Characters. — ^In New York and Pennsylvania the rocks of the 
Devonian system consist mainly of red, brown, and g^y sandstones, shales 
and conglomerates, with some limestones. At the West, the equivalent 
rocks are for the most part limestones. 

249. life of the Period represented by tlie Devoniai 
System. — The organic remains of this system, though often 
not well preserved in consequence of the arenaceous (sandy) 
nature of the rocks, are nevertheless of high and increasing 
interest, inasmuch as they furnish abundant evidence of 
terrestrial vegetation, as well as distinct traces of verte- 
brate life upon the surface of our planet. 

Plants.^- As already stated, the fossil plants found in the Silurian sys- 
tem are almost exclusively marine, and it is only in the uppermost strata — 
just on the borders of the Devonian system — that we detect any traces of 
a terrestrial vegetation. As we ascend, however, into the overlying system, 
tiio number of land plants gradually increases. At the same time, the Dev- 
onian system, as a whole, is not fertile in plant remains, and it would seem 
as if during the period of its deposition, the vegetation of our globe was con- 
fined to a few detached and limited areas. 

QiTESTiONS. — ^What is the character of the rookt oomportog this syetem in Ameriea? 
What is said of the life of the earth during .the period of the Devonian sjstem t 



DEVONIAN SYSTEM. 225 

In ^)eakisg, moreover, of the land plants of these ancient times, the stu- 
dent should also understand thati;hey were not like the land plants comrMnly 
met with upon the sur&ce of the eai'th at the present day ; but, on the con- 
trary, judging from the remains we find, they would appear to have belonged 
mostly to the low class of Acrogens (§ 195) ; or, in other words, to have re- 
sembled our ferns, rushes, sedges, and similar plants inhabiting marshy 
localities. Some plants, allied to the Ooni^rous or Pine &mi]y, and of as 
high an organization, would also appear to have existed. All these remains^ 
however, generally occur in ac fragmentary and carbonized state, as if they 
had been drifted from a distance upon an ocean to the place where they were 
■deposited. The marine plants of the Devonian system are similar to those 
found in the Silurian.* 

Animals . — ^In the Devonian system, the same forms of animal life that 
especially characterize the Silurian era — namely, the corals, shells, trilobites» 
etc — ^are continued, and in some of its groups of rocks their remains are very 
.abundant. With few exceptions, however, the fossils of the Devonian sys- 
tem are of dififerent species, and often of dififerent genera from those of the 
Silurian. 

But the" most interesting of all the fossils of the Devonian system are the 
fish, which occur in some localities in such abundance that the rocks seem 
to form one great cemetery of their remains. 

The first Indications of the existence of fish are found, as has been already 
stated, in the uppermost rocks of the Silurian system ; and these — " the first- 
bom of their family, so far as is yet known," all belonged to the order of 
Placoids (See § 201) — ^an order of low organization and ferocious habits, and 
of which the dog-fish and the sharks are the best living representatives. 

"Some of these old Placoid fishes," says Hugh Miller, " were furnished with 
strong palates^ and squat, firmly-based teeth, well adapted for crushing the 
strong-cased zoophytes and shells of the period, fragments of which occur 
in their fecal remains (which have even been preserved in a fossil state) j 
while others have teeth so sharp, thin, and deeply serrated, that every in- 
dividual tooth resembles a row of poniards set up against the walls of an 
armory; and these last, says Agassiz, furnished with weapons so murderous, 
must have been the pirates of the period." 

In the Devonian system, however, an entirely new order of fishes-^he 
Ganoids (see § 2W.)— were called into existence; while the Placoids of the 
Silurian era continue to be represented, but only by new species, the former 



QuxsTioxs. — ^What is knoim of its yegetation ? What is said of the animal remains 
found in this system? What are its most interesting fossils? What iras the character 
of the first created fishes ? What types of fishes exist in the Devonian system ? 



* ** A distinguished French geologist, M. Brongniart, has shovn that all existing marine 
plants oaa be classified irith r^;ard to zones of climate — some being fitted to the torvid 
sones, some for the temperate, and some for the frigid. And he establishes the fact that 
the marine plants of these early times indicate a tropical climate, although they may be 
found la what are now temperate regions; and he also states, that those of the higher 
rocks betoken, at we ascend, a gradually diminishing temperature.** 

10* 



^6 FinST PBIHOIFLES OF 6E0L00T. 

BpeoieBorthlflordEir havLiig previonslj become extioct. And trom ttila epodi, 
Bays Hugh Miller, duriog tbe timea of the DeTOnian, Carboaifferooa, Penoian, 
Triaasic, and Oolitic aTstema — "a period compriBiDg, majhap, miUions of 
Tears"— all fishes, Uioagb apparautly as uanieroua, individoaUy, as tbej are 
now, belonged, so 6j as is yet known, eidusively to Ihese two orders. 

Iliese Ganoid BabeB of tba Devoniao BTsCam were characterized by some 
orthe most Temarirable and pecoliar ibnns that bave ever appeared in natare, 
and in Borne spedes it is at first difficult to see any resemblance whatever 
to a &sh. Some oftbem seem to form, as it were, a comiecting' link between 
tbe Crustacea (crabfi^ loheten, etc) and the true fsbes, and all o[ them were 
■ FlO. 142, 



covered over with hard, enamelled scales, or bony plates, and not unfte- 
qnently armed with sharp fin-spines of bone. Some seem to have been 
cased in a complete armotura of solid bone. Eu^ Uiller describes one 
species, tbe PtericMiys, or winged-fish (Gr., imp™, a wing; and lx^(, a 
Ssh), see Fig. 1 J2, aa having its bead "covered with a strong helmet, peiliir- 
ated in froot by two drcular holes, through wbicb the eyes looked out; its 
chest protected by a curiously constructed cukrass, formed of plates, and the 
Fia 1*3. 




t^ sheathed in a flexible mail of osseous scales. Tu addition, the creature 
had two arms or wings, that combined the broad blade of tbe paddle with 
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the sharp jraint ora epear, and earved both Ibr propulska tbroogh the water 
and as weapons for det^ose. Anotiier characteriatic fish of the Deroniaa 
sjstem, the O^haiaepis, bad a comparatively small eloogated body, Inserted 
within the cuap of a large cresceDt-shaped head, sometbiug like a saddler's 
cuttJQg-kuife. This curious bead was, fortheriDore, covered on the upper 
ude with a hood, or single large plate of booe, as with a buckler ; hence the 
name, impljiug buckler-headed. Fig. 143 rapresenta a side and auder Tiew 
of one Bpedea oftbe Cephalaspis. Similar bone-bucklers, which covered the 
head of another Devoiuan Gantud — the Asleroiijiii — have been ibnnd, soCQ- 
cientl/ large " to cover the front ekull of an elephant, aod strong enough to 
have resisted e. musket ballet." Fig. 144 represents a curious bone-plated 
Devotiiwi fiab, called the CoceotUvx, 

FlO. 144. 



ZCiO. Uany of these ancient Ganoid fish, according to Profl Agas«z, were 
Invested, to some extent, with tlie characters of reptiles, and seen to have 
foreshadowed, as It were, the existence of a higher class of animal^ long 
before they were created. Another interesting &et noticed respecting tbeae 
extreme forma of Devonian fi.'ihcs, is, that tbej were comparativeir short- 
lived, "as i^" says Hugh Miller, " Eomo such law iafluenced the destiny of 
genera in thu! class of flahes, as that which we find so oHen exemplified in 
the humau spedes — namely, that the giant, the dwarij or deformed person, 
Eg seldom a long liver." Many of them were restricted to a single formation 
or group of strata — qtpearing Ibr the first time io the lowest deposits, und 
becoming extinct with the uppermost In many inatancea alao, they appear 
to have all died at once, and died of violence. 

" We see them still presenting, over wide aieaa, the stifT curved outline^ 
a result of the uneqaal contraction of the mascle^— which, as in the case of 
recently netted herrings, indicates that dissolution had been sudden, « We 
find, too, that their lemalus did not suffer from the predatory attacks of other 
Osbei^ and it would seem as if all the finny inhabitants of wide tracts of sea 
had been at once cast dead to the bottom, so that not an individual survived 
to prey upon the remains of his deceased neighbors. " — Mir.T.im , Such phe- 
nomena clearly indicate the oocnrrence of great conrulsions of th« soa-bonoin 
daring this ancient period cf the earth's history. 

251. Beptiltl. — lathe strata deposited just a UtUe be- 
fore the close of the DeTooian eyetem, we obtain, for the 

Qnmas — Wbal nair cUa af udmiilt iLppain tm tb* flnt Urn* In Ihli tjOm f 



^S FIItST FRINOIPLBS OF QBOLOQY. 

first time, evidence of the existence of reptiles, or of true 
air-breathing animals upon the surface of our planet ; just 
as representatives of the class of fishes appear for the first 
. time a little before the close of the Silurian system. 

Fio. 146. 



The actual ramaios of sui^ creatures obtained Grom DeTOuiaD rocks, ara 
thus &r limited, however, to a very fcvr epecimeus, and appeal to have been 
those of emalt teireatrial lizards, or animala of the order of Satraclii^ns (frogB). 
Hg. 145 represents tha best preserved spedmeo of a Deroniaii reptile yet dis- 
coTsred — the TeUrptlon Etgitieiue — a creature whose eiislence at this epoch 
indicates He presence of dry landg and sv/aarpj shores ; in oil likeUhood the 
Bame shores and rivcr-banka on wliich grew the reeds, lera^ and rush-like 
plants already referred to. 

In addition to tlicse actual romaina, the tracks or Ibot^prints impressed by 
reptiles, as they walked over the muddy or Bandy shores of tlie Devoiuan 
epoch, have also, in Boms instances been very perfectly preserved, and now 
exist in the consolidated rock. 

352. Economically, tlie products of the Old Bed-Sandstone, or Derontao 
system, are neither veij numeroua or of prime importance. 

The aggregate thickness of the strata w)uch compose the system in this 
countT7 ia about 11,700 feet. In Englaad, the thickness of the entire system 
has beea estimated, by Sir Roderick Murcbison, at 10,000 feet; and as tbese 
10,000 feet jnclade (in that couotry) three formatiDDS to distinct in their 
gtoaps of anjma] life that not one speties of fiah has been Ibaod commcm to 
both the higher and the lower, it most represent in the history of the globe 
uslj protracted period of time. 



QDEmOH.— w 
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CARBONIFEROUS SYSTEM. 

253. This system is next, in the ascending order, above 
the Old Eed-Sandstone, or Devonian system, and derives * 
its name from the profusion of fossil vegetation found in 
it — a profusion so great, that it not only forms, in many 
instances, thick seams of solid coal (coal being but a mass 
of mineralized vegetation), but also enters to such an ex- 
tent into the composition of some of the shales, sandstones, 
and limestones of the system, as to give them a carboni- 
ferous or coaly aspect. 

254. Distribution. — ^The geographical area occupied by the Carboni- 
feroos system is very great, and there are but few regions of the globe in 
which some one or more of its groups of rocks do not occur. The countries 
in which those portions of the system are developed, which are especially 
productive of coal, will be heseatter noticed more particularly. 

255. Divisions. — Derived from the wasfe of all the 
previously formed rocksr-the granitic, metamorphio, Silu- 
rian, and Devonian — the strata which make up the Car- 
boniferous system necessarily present a great variety and 
complexity of composition, and may be said to be com- 
posed of frequent alternations of sandstones, shales, slates, 
and limestones, with beds of coal and earthy ores of iron. 

This assemblage of strata is generally separable into two well-marked 
groups or formations, which differ widely ftom one another as respects the 
nature of their contained fossUs. 

The lower group is especially characterized by the presence of immense 
beds of limestone, which abound to a most wondei'flil extent in marine fossils 
— shells, Crustacea, corals, crinoids, fish, etc. — and have evidently been de- 
posited at the bottom of a tropical ocean. These formations of limestone are 
collectively termed the '•^ Qarboniferovs^^ or ^^ MowMm, Limestone;''^ and in 
some localities (as in the Western States) they constitute almost exclusively 
the lowest division of the rocks of the Carboniferous system, while in others, 
they are associated with, or (as in Pennsylvania) almost entirely replaced by 
conglomerates, shales, slates, and sandstones. 

■ ■■ . , — —-■. Ml I ■ I 1 ■ n il I ■■ I I III l—^^^i^ . f I ^ J 11 1^ I I I II ■ — I I ■■■ ■ ■ I I ■ ■ ■ ■--■■■ I I 1» 

QmESnoirs. — ^What system lies next in order above the Deroniaa ? Why is it called 
the Oarhoniferotts ? What is si^ of its distribution ? What is the nature of the rooks 
which compose the Carboniferous system f Hov may ihey be generally dlrided J What' 
M» the chancttflttiof of Ao low group f 
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The upper group of the Carboniferous system, from the circumstance that it 
contains most of the beds or seams of coal existing in the crust of the earth, 
is termed the *' Coal Measures;'^ and consists of beds of sandstones, shalesy 
conglomerates, limestones, coal, and ores of iron, alternating irregularly, 
fc The following section of a portion of the upper Carboniferous rocks of Ohio 
well illustrates the compoation of the coal measures, and the manner in 
which beds of coal are distributed through them: 

Sandstone. 

Coal, 6 feet thick. 

Slaty Sandstone, 50 

Bed of Iron Ore, 1.6 

Sandstones, 75 

Coal, 8 

Dark Bitaminoas Shales, 4 

Sandstones, 80 

Iron Ore, 1 

Sandstones, 80 



it 
ti 



(i 



44 



The sandstones and limestones of the coal measures are not distinguish- 
able from the sandstones and limestones in the lower part of the system. 
The iron ore occurs either in nodular masses, often formed around some or- 
ganic nucleus ; or as a clayey (argillaceous) carbonate of iron, having a slaty 
structure ; in either case, however, it forms comparatively thin beds, associ- 
ated with bods of shale.* The beds of coal vary in thickness from a fraction 
of an inch to several feet; and, in some instances, beds have been found 
measuring forty and even fifty feet in thickness. The average thickness of 
workable beds of coal is from three to six feet 

The characteristic fossils of the coal measures are the 
remains of terrestrial plants. Marine fossils also abound 
in some of the strata ; but the remains of land plants so 
predominate, that they constitute the distinguishing fea- 
tures of the formation, and everywhere allow its easy re- 
cognition. 

The general character of the fossils found in the coal measures would also 
indicate that the sediments which inclose Ihem were not of exclusively marine 

Questions. — What of the npper group ? What are the coal measures ? With irhat 
rocks are beds of coal usually associated ? What are the characteristic fossils of the 
coal measures ? 



* This association of iron ore with coal, in the same series of rocks, is a matter of great 
practical importance, inasmuch as the mineral ore, and the fuel for smelting it, are thus 
brought in almost absolute contact vith each other. The coal measures, moreover, 
very generally furnish the limestone (or flux) which it is necessary to mix irith the iron 
ores in smelting to facilitate their fusion ; and very often also those peculiar clays from 
which fire-bricks can be made for the construction of furnaces. In Great Britain, nearly 
all the principal mines of iron that supply her furnaces, occur in the ooal measures ; and 
their product of or« for 1855 was upward of nine miUioa of toot. 
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origin, bat rather that they were depoated in shallow inland seas, firesh- 
water lakes, or the estoaries of rivers.* 

256. Condition of the Eartli during the Epoch repre- 
sented by the Carboniferous System.— The great generaL 
features of the earth's surface, during the deposition of 
the rocks which compose the Carboniferous system, can 
undoubtedly be made out by geologists with a high degree 
of accuracy. 

Thus, during the epoch which represents the dose of the Devonian and the 
commencement of the Carboniferous system, it is not probable that any very 
considerable part of the surface of our planet was dry land. The rocks whidi 
were deposited at this time, and which make up the base of the Carboni- 
ferous system, are mainly limestones, sandstones, and shales; and the most 
superficial observer feels as little difficulty in accounting for then* formation, 
as he would in accounting for the origin of an existing coral reef; — the pro- 
fusion of marine fossils contained in them deariy indicating that they were 
deposited at the bottom of an ocean swarming with animal life.f 

At a later epoch of the Carboniferous system, the causes favorable to the 
BO abundant production of limestone, and the large population of marine ani- 
mals in the seas in which it was deposited, decline, while the area of dry 
land is greatly increased. On this land a vegetation flourished, which for 
rankness and abundance cannot probably be paralleled by the most fiivored 
tropical locality of the present day ; and the remains of which, preserjred and 

QuzsTiOKB. — What information do the fossils of the coal measures impart concerning 
the origin o^f the sediments that inclose them ? What -was the probable condition of the 
earth daring the early part of the Carboniferous epoch? 



* The arrangement of the rocks of the Carboniferous system, as here given, into tiro 
gronps, is exceedingly general, and in all eztensive geological treatises the reader will 
find that more exact and minute divisions are recognized and referred to. By the Profs. 
Rogers, who haye devoted much attention to the coal formations of the United States, 
the Carboniferous system is divided into three great gronps, viz., the T^ower Carboni- 
ferons. Middle Carboniferons, and the Coal Measures. The European geologists, while 
dividing the Carboniferous rocks generally into two series, the ** Upper** and the 
" Lower," also recognize the existence of three well marked groups of strata, viz.. The 
Carboniferous SUUes^ forming the base of the system : 2. The Carboni/erom^ or J/bun- 
toUn Limestone; 3. The Coal Measures. In Pennsylvania, the exact divisions of the Car- 
boniferous system are as follows : 1. A Conglomerate, 2,660 feet thick, resting upon rocks 
of the Devonian system ; 2. Carboniferous Limestone, or Bed Shales and Limestone, 
which is supposed to correspond with the Mountain Limestone of Europe ; 8. A Con< 
glomerate, less than half the thickness of the lower division ; 4. The true Coal Measures. 

t In .this country the Lower Carboniferous limestones are most extensively developed ; 
especially in the western States, where they form high bluffs along many of the rivers, 
and also abound in caves or caverns, of which the ICammoth Cave of Kentucky is most 
rema^able. In the northwestern States dilEsrent portions of this formation of Car- 
boniferoos limestone receive various local names: such as the Burlington Limestone, 
Keokok Limestone, St Loois Limestone, ITtstiiskls lisMstone, etc, etc 
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. oorered Dp bj deposits oTMdimeiit, now ooHtttote til* great OMd beds of ovT 
gkriM. The climale of the earth, daring the CaTbonifbtxis period, even in 
the latitude of Baffins Baj (coal being fiiand io these extreme uortbem 
regkns), was, uodoubtedly, sanilar to that of the tonid zone - and it baa alao 
been thought probable that the atmosphere coDtained a macb larger propor- 
tion of carbonio acid gas (the food of plants) than it doee at the proseDt daj. 

S57.Anlmal Life during the Carbonlferoui £poeh.— Uost 

of the fiuniliea of invertebrate rniimala that floariahed during the Devonian 
era are represented ia the Carboniferooa BTstem — the specie^ and with few 
exceptions the genera, being, however, different In some of the carboni- 
fecoiM limeetone^ the abundance of nariDe shells (uniYalree, Mvalves, and 
obambered shells) is ^uite Inconceivable to those who have not seen them, 
■nd their remains, cemented into rock masses, may be literally said to form 
ntotrntuna. The corals, too, were very nmnerouB and beautiful, and in some 
instances preserve suffloient of their former color to impart a delicacy of tint 
to ^be marbles cont^ning tbem : while the patterns of their Btructnre are 
alsc^ in many caseii^ so ornamental and varied, as to suggest their employ- 
ment as designs tor cahco printing. Figs. 116 and 117 represent the patterns 
afforded by two varieties of foaml corals. 

Fuk lis. Fia. 111. 



SS9. During this period of tbe eartii's history, that cnrious bmily of radiate 
animals, known as " Crmoids," " EncrinHeB" or "Slons LUies," were re- 
markably developed, and their remains may, in fact, be sud to cbaracterize 
the Carboniferous iimeatoues, in the same manner as tba trilobites are espcd- 
nlly oharacteriatic of the Silurian rocks, and Uie bony-plated fishes of the 
X)evonian. The plan upon which these animals vrere constructed, was that 
of a cup- like body (something like the calys of a lily), furnished mth numo 
ons Qozible arms or branches, and attadied to the sea-bottom by a jomted and 
flexible stalk, or column. Fig. S9, p^e 71, Tepresents the entire extenmon' 
of a crinoid, and Fig. 148, plates 1 and 3, the construction of the bodies of 
dififerent spedes, with tieir attachment to their supporting columns. TTjo 

Qwrrovs. — What iru ttu probable eoDdltioD of the «AHb dnrinf the labiAqDAnl 
period t Whet typeg of invBtebnta uinwl* floulibed during ttais lyittm t Wtuitti 
uidofi^abDDdtn»oft>»ehellsaad nnlat Wlul ~ - - 

putlnlerij abnnAut daring tl» 
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■tam cif lk» otllFml, u well as tlis anna whieh radiated ia ararj diredkiD 
from its body, owed their flaiibili^ to the fact that Ihey were oompoaed of 
an fr"r""e noBiber of liKle bones, all articalated tog«ther like the vartebra 
of tba apine, and vaiiooilj gioored and ornamented on thoir larikcee. Plates 
2 and 4, Fig. 14S, Tepresect BepamteJcHntB of the nema of crinoida. 
Fia. 149. 



In Bome Bpeclea, the number of arma waa about 1,000, and tbe number oT 
separate little bonea contained in tiiem, at least 100,000; jet so perfectly 
was each bone articulated Nrith its nelgbbor, and m firmly were the whole 
bound together with ligaments, that the arms, when sproad, most have pos- 
sesaed the fieztbility and teoadty of a aeine of stout net-work. " Homan 
ingenuity, with the same purposes to offset, namely, the sweepinj of riioals 
of awarming animals into a central receptacle, would probably construct a 
dmilar macbiDo; but It would take half a lifetiifio to build one equidly 
elaborate," 

The fkmily of crinoids are represented in almost nl! the rocka of the geo- 
lo^cal scries, Tronx the Silurian up to tbe l^rtiaiy aystems — lOS fossil genera, 
each of which includes a number of species — having been enumerated. Tbey 
appear to have attained their greatest developniont in tbe Carbonlffcrous 
Bystem, where their rcmniog form almost tbe entire mass of BDme lime- 
stonea. (See Fig. 118, plate 2.) Two genora only of tliia curious femily are 
known to oxist at the present day ; {ind specimens of these are by no means 



2j9. Tlie ancient fishes — tbe Plocoida and the Ganoids — like the Crinoids, 
seem also to have received tbeir fullest development during the Carboniferoua 
epocb. Tbeir number was vet? grea^ and tbough the class of reptiles had 
at that Urns been called into existence, they continued to retain, till the 
cdoee of the system, a marked reptilian character and oi^anization. The fea- 
ture which especially impresaea an observer who examines their remains is 
the formidable character of tbe ottbnaive weapons with which they were 
fijniisbed, aud tbe amaung strength of their defensive armature. "The 

Qdutioi'.— DsKriba svnanllr the atmctiin ud pecnllmrltlu of Uiaatasld*, 
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teetb of one apedea of Uieae gaooidal Bshea (the Shisiodut) vere oKiTa slisip 
nod treodiaBt tbaa those of the crocodilo of the Niie, aod in the larger speci- 
meos, full/ lour timea tlie bulk luid me of Uia te«th of tba hugest reptile of 
this species now livlag." In the museain of the Kof ol Sodety of Edinburgb 
may be seen the rvmuius of a. similar TepUlwn jiah trvm the Carbonilenius 
Fra. 149;^ 



^yitem, which was prohably larger than any true Mi of the present day, 
i e., bom thirty lo forty feet in length. It was fnrmahed with teeth three 
timea larmier than those of the most giganUc living Blligator, and was also 
covered froni snout to tail with an armor of enaraelod bono, that must have 
been almost impeotstrable.* 

260. From tlie very perfectly preserved romains that have been found, we 
know that over Ibo lal;es and rivers inhabited by the reptilian fishes of this 
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period, tfaera fluttered saveral apeciea of insects, fiiniuhed witb broitd, game 
wings, like tbe dragon flies (Devil's Damiag-Needle:;) of the preaeat day. 
la the woods, and among the decAfiog trunlcs of tha Carlmmri-Tous tree^ 
there also h]iiborad several speoiea of apidere and beetles, and with these, 
large, manir-efed ecoipions and cockroaches, of t;pea not at all oulike the 
existing ones. Fig, 149 represents the remuns of a fossil scorpion, from the 
coal rocks of Bohemia. Not an iosect^ however, has this Bjstem yet pro- 
duced of the now numerous kinds that seek their Ibod among flowers. 

The remaioa of a few small reptiles, akia to ttt>ga and lizards, have also 
boon Ibund in the Carboniferous system. 

Among the Crustacea, the order of Trilobites, so numerous and varied dur- 
ing the preceding systems, was reprsgentcd by a fen* species only, that can be 
grouped into but one or two genera. This type of animal was^ in short, 
6ding away; and with the close of the Carijonifeiuus epoch it became en- 
tirely eitinct. 

261. Tegetalion of the CarboniferoDS System.— The 
forests and thickets of the coal period included no apeciea 
of plants now known upon the e^th. They consisted 



mainly of gigantic shrubs, which are either not represented 
by any existing types, or are akin to kinds which are now 
only found in small and lowly forms. The land upon 
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which this T^etation floBrished, is, moreoverj supposed to 
have heen flat and msrshy, and only elightly elevated 
above the level of the sea. 

The ramtuna qf nearij 900 epedea of tnrestiia] plant* hare been otitwiMd 
from the stiBta of the CaitKnifetoaa BTStem, and of thii namber, at least two- 
ttilrdB beloDg«d totbe bworder <tf Cr3'ptogain{a(flowerlcsa,fruitlegi|daiiti^- 
taeglSi); apfqMttionTrhichvotild probablybe modi incrauedifveiren 
men fldlf aoqnainted with the vegotatioD of tbia epoch. 
Pio. 161. 



Tbe master form, or type or the era, was the fern, or bnke, of whidi at 
least ZED species liave beea abeadj obtained frooi the coal measures of 
Europe. The fera ia a plant which thrives best in warm, shaded, and mois* 
fiituBtions ; and in tropical countries, wbere these condiijons abound, thero 
are many more species than in temperate climes. Some of the femily are, in 
the present tropics, arborescent, or of tree-like size and shape (see Fig. 160X 
and on the islands of the Indian Ardiipelago, and in Australia, attain not 
nnftoqaenUjr a height of from fbrtj to fifty leet Now, many of the ferns of 
the coal measures were of this magnitude, and that, too, without regird to 
the parts of the earth where they are found. In the Carboniferous rocks of 
BafBos Bay ; of Great Britain - of Pennsylvania i and of tto. tonid cone 
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■like, fbflEil BTbOTeacent &ms are fband, thus uxlJcatiDg that at tbla en tb» 
piesent tropical temperature existed in Terr Ugtx latitudes. Fig. 151 lepre- 
soDta the fbssil impression or a Cera of the coal period. 

In the swampB aud ditches of tba temperate zonea there flourishes an lu- 
rerior f^ijily of plants, termetl £li<MSel(ic«« ,- the different Dtembera or which 
bear the cominon names of hoiBe-tailE^ cat-tiuls, aconrii^ rush, etc., eta 
lliejhave all an erect. Jointed stem, with slender leaves, and an inBoresceuce 
at the lop. Now, a second large secton oT the plants of tbo Carboniferoiia 
era were of this kind, but, like tbe fam, thej attained the m^nitude of 
trees. Wbile existing eguimta rarelj exceed three feet in height, sod the 
stems are generally less than a half aa inch ia diameter, their kiddred, en- 
tombed in Uie coal beds, seem to bavD been generallj fourteen or fifteen feet 
high, with sterna tmta six inches to a foot in thickness. Arborescent plants 
of this &mil7, like the arborescent ferns. 
Mill grow, however, in tropica! conntriea. 

The club-mosB bmilj (trailing pint, Ly- 
atpodiacea) are other plants of the prea- 
ent aur&ce, usually seen in a lowly end 
CKeping form in temperate taUtudes, but 
presenting species which rise to a greater 
magrnitude (about three fbet) within the 
tropics. Many species of this famQy are 
fotiud in the coal beds, "and it is thought 
that they liavo contributed more to the 
ha coal than almost any 

Fio. 152. 



Fig. 153. 



other vaiiety of plants. But like the ferns and eqniK'laaiB, they attained, in 
the Msl period, a gigantic »». The Itpidodendra (so the fbaail genus U 
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dUed) wero probably Irnii fbrtj to eighty feet in height, with a diameter 

at tbe base of three feet, and a leaf full tveaty iocbea in tength. Theexterior 
ot their baric waa scaly, and ia oftea found Dio3t perfectly preserved. (See 



^tg. 153.) Somotlines llie gigantic trunks of the l^iiiedeadra are (bund 
standing upright in the mine, aud penetrating sucoesaire layers of aedimcn- 
taiy depoKts. (See Tig. 153.) 

Fio. 156. ^^ ^^* represents Ihs appearance of au b» 

aemblage of great fossil trees, ns they occop 
embedded vertically in cliffe of carboniferous 
aandstono, at SL Ktionnc, in France. 

The other bading plants of the coal era are 
Without reprpgenfativcs on Iho existing snr- 
6oo of the eartli, anil tlicir characters are, in 
general, Icaa clearly ascertained. Amoug tlio 
moat remarkable -WHS fi family called " Sigil- 
laria," at whicli largo trunks, thirty, «xty, and 
even seventy feet long, nro abundant These 
trunks were probably soft nnd pithy in tlio 
interior, and curiously fluted on the exterior 
surface, with leares attached in vertical ron-s 
along the fluling.i Fjg. 155 represents a por- 
tion of the sl«m of one species, showing the 
flutings, and the points where the leaves were 
attached. 

There have also been found in llio coal meas- 
ures a few Bpccies of eiogenous plants, wCich 
probably belonged to the pine femilj-, and appear to have been the highest 
^pe of vegetation which eiiated at Ihia era. Upon aections ol their trunks 
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the concenlrio rings of aQQOal growth — a record of the cbai^ng seaeooa of 
these andeot years — are atill clearly traceable.* 

"Such was the vegetation of the Carboniferoua epoch— composed of fotma 
at the bottom of the botanical scale — flowerless, fruitless, but luiuriaut and 
nbund&nt beyond what the most lavored spoCa on eartli con now ehov. The 
rigidity of the leaves of ila plants, and the absonoo of fleahy fruila and fiirina- 
ceoua seeds, unfitted it to afford nutriment to animalg ; and monotonous in its 
forms, and destitute of brilliant colociiig, its swJrd probably aDenliveGed by 
any of tho sniflllBf flowering herbs, and its shades uncheered by rouMo of 
birds, it must haye been but a somber eeene to a Iiuman visitant. But 
neither man nor any other of the higher animals were the 
look for Bucb uses or such beautjes in this vegetation. It ivas se 
and equaJly important ends — clearing (probably) the atmosphere 
noxioua to animal life, and storing up minerid masses, wliich we 
Bubaequent ages, to prove of tho greatest servieo to the human r! 
the extent of favoriag the progress of its civiUzatiou." 

Fio. 156. 



■ Fig, IBS {designed by Sir R. I. Murchison) fonveys some idea of the prob- 
ttble cbaj'actGr and appearance of tiie vegetal^a of the coal period. 

■ The ehsles vblcb lis immedUUly sXoto the bods of coal afford (be beat Bpulmenn of 
coU plsntt, irbich Odcnr betn-eea ewrj Haci:cuiiiDd of lanilne. Th« display af intctUciiig 
lleml and leuyea pTMenled bj a newly eipoacd roof of a coal mine ia Ibua Brapldcall j- 
depleted by Dr. Buddaod, la the " BrtdeewalerTreatiata:"— "Tlio moat elabnrab; ImC- 
tatiana oTUTlng foUi^e on the piiated cetllnga of lUlUn palncea bi^ar no compsrlion with 
Iho bcauUDua profualoD of eiHoct veEcUble forms, irith irblcb the gaileriea of many of 

onrlcbcd vlth feMoona of moat gracefal foliage. Ilti:ti; in irlld, IrreguUr profuilou orer 
tntf portion of ita luifaee. Tbe ettt-ci la beigblf nad by the contnaC of the coal bla^^k 

Ucbcd. The apectator feela tranaported. aa if by enchantm^t, into Iba foresU of anotbcr 
vorld : he beholdi treea of form and rbaraclar nav nnknovn upon Ihe surface of tba 
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262. FermaUon of Gdal^— It is now universally admitted 
by geologists, that coal is a mass of compressed, altered, 
and mineralized, vegetation, just as sandstone is con- 
solidated sand, and slate and shale consolidated clay or 
mud. 

The evidence upon which the belief is founded may be 
briefly stated, as follows^ : 

1st. The enormous profusion of fossil plants, in the 
form of impressions of leaves, trunks, branches, and barks 
of trees, found in immediate connection with coal seams. 
2d. Coal is composed of carbon, hydrogen, and oxygen, 
the same elements (though differing in proportion) which 
enter into the composition of plants. 3d. The substance 
of coal, when examined under the microscope, affords 
unmistakable evidence of a vegetable (cellular) struc- 
ture. 4th. All the stages of gradation between perfect 
wood and perfect coal may be traced with the greatest 
certainty. 

But granting the vegetable origin of coal, the question immediately sug- 
gests itself: Under what circumstances could so great an amount of vegetable 
matter have ever accumulated ? — ^the magnitude of which may be realized 
in a degree, from the asserted fact " that all the forests of the ITnited States^ 
if gJlthered into one heap, would fail to furnish the materials of a single coal 
seam equal to that of Pittsburg, Penn." 

Furthermore, coal is found stratified, laminated, and extended, in horizon- 
tal beds, which often cover very large area8> with a nearly constant thicteesfl 
— the great Pittsburg coal seam, above referred to, for example, having a 
nearly uniform thickness of from eight to twftlve feet, and is estimated to 
have once covered a surface of 90,000 square miles. Coal, moreover, is 
ordinarily encased between beds of shale or sandstone, which bear evident 
proof of havmg been slowly deposited in quiet waters. In some coal fields, 
as many as seventy seams of coal, varying in thickness from a few inches to 
four, six, eight, ten, twelve, and twenty feet, occur thus interstratified with 
shales and sandstones ; and yet, notwithstanding these frequent alternations 



QuESTiOKS.— What are the principal reasons which induce belief that coal has resnited 
from an accumulated vegetation ? What is said of the rastness of such accumulations Y 
Under what conditions is coal found ? 



infallible historians. Such are the grand natural herbaria, wherein these ancient re- 
mains of the vegetable kingdom are preserved in a state of integrity little short of their 
living perfeetioa, under conditions of our planet which exist no more.*' 
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of mkloM^ tlkd paxkty of the coal is tadi) that it rarely contains any oon- 
Bidarable admixtDre c^mud, sand, or other fore^ minerid substances.* 

In explanatioa of these i^ienomena, yanous hypotheses have been sug- 
gested, but the general opinl(Hi of the best geologists of the present day is, 
that the vegetable matter constituting coal, must, in the main, have grown 
and accumulated in immense jungles and peat mosses for many years; that 
the land must have then sunk, and become the basin of a lake or estuary, 
into which rivers carried mud and sand; these, covering the vegetable 
matter, gradually ccmsolidated into shales and sandstones, while the vege- 
tal^ matter itself underwent the process of mineralization, and was con- 
verted into coaL This hemg done, it is supposed that the area of deposit 
was again Novated, so as to become once mere the scene of luxuriant vege- 
tation ; then again submerged, and overlaid by new deposits of sandstcme 
and shale ; then once more elevated and covered with plants, and again sub- 
merged ; and these alternations of submergence and elevation are presumed 
to have tak^n place as often as there are beds of coal in any particular coal 
field."f 



Qunnoxra,— What theory of the fonnatioii of coal is »t prevent adopted by most geolo- 
gisto? 

* The student wQl not ftdl to obs^rre a striking difference in the modes of oooarrsnce 
of mineral ores and ooaL The former exist in the form of reins intersecting the strata; 
tlSs latter, in the form of seams parallel with the strata. The former extend indefinitely 
downward ; the latter horizontally. ** Ignorance of this simple hut radical difference 
has been the cause of much pecuniary loss. When, for instance, some years since, it was 
rumored in Philadelphia that the bottom of one of the great Pennsylraida mines had been 
reached, there was apanie in the market, and the price of stocks in eoal mines dedined 
enormouidy — from a lack of knowledge of the tact, that the continuation of coal seams 
was to be looked for horizontally rather than vertically.** In some instances, where the 
rocks of the Carboniferous system have been eleyated into vertical positions, the coal 
sesms may appear, Kke metallic veins, to extend downward ; but in sU such cases it wHI 
ha observed that the eosl bisds are strictly paraOd with strata, and have been rievated 
with them. This phenomenon is illustrated by the accompanying sketch (Fig. 167) of the 
anthracite coal fields of Pennsylvania. 



• Fig. 157 




t ^ This sinking process, though persistent in the main, must hare been of an intexw 
mlttent and irregular kind. In some instances, forests seem to have grown on vast plat« 
forms, that retained their level unchanged for centuries — nay, thousands of years to- 
gether ; in other cases, the submergence seems to have been sudden, and to such a depth, 
that the sea rushed in and occupied wide areas where the land had previously been, and 
this to so considerable a depth, and for so extended a period, that the ridges of coral which 
formed, and the fbrests of EnerirUtea which grew, in these suddenly hollowed seas, 
formed thick beds of limestone, which we now find interstratified with coal beds, shales, 
and sandstones. Then succeeded an upward movement, and the same area which had 
been first occupied by a forest, and then by a lake or sea, came to be occupied by a foreafc 
again ; and though, of course, mere deposition of mud and sand might have filled np tha 
lake or sea to the level of the water, it is not easy to conceive how, without poditiva v^ 

11 
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263. Climatic eonditions of the Carboniferoat Era«— lliere 
is one drcamstanoe in connection with the fi>nnation <^ooal which has giren 
rise to a vast amount of ingenious speoolation and hypotheses^ viz. : the ap- 
parent sameness of external conditions oyer such extensive areas of the earth 
as are now occupied by oar known coal fields. Thus, the same gigantic 
ferns and dab-mosses are found alike in the Coal fields of America, Europe, 
Melville Island, Greenland, and Australia — regions widely separated, and at 
once tropical, temperate^ and frigid. To account for this luxuriance and 
homogeneity of vegetable growth various caases have been suggested, as the 
earth's central heat^ a change in the earth's axis, a larger percentage of cai^ 
bonic acid in the atmosphere, the planetary system moving through warmer 
regions of space, and the like ; but thus &r geologists have arrived at no 
definite conclusions upon the subject 

Deposits of carbonaceous matter have occurred at almost every period of 
the earth's history, as is evidenced by the &ct that thin seams of coal are 
Ibund in aknost all the geological systems; but the coal beds which admit 
ci economical working are almost exclusively confined to tiie Carboniferous 
system. The only exceptions are a few coal fields belonging to the Oolitic 
or Jurassic system, which, in Virginia and some other localities, admit of 
profitable mining.* It seems, therefore, certain, that whatever may have 
been the conditions which allowed of so abandant a terrestrial vegetation at 
this particular epoch of the earth's history, those conditions ceased about the 
time when the era of the Carboniferous system terminated. A high tempera- 
ture was evidentiy not one of these conditions, for thdre are evidences of 
it afterwards; and some authorities incline to the belief that the super- 
abandance of carbonic acid gas, which is supposed to have existed during 
this era, was expended before its dose. "There can be no doabt that the 
infusion of a large amount of this gas into the atmosphere at the present day 
would be attended by precisdy the same drcumstances as in tiie time of the 
coal epoch. The higher forms of animal life would not have a place on 
earth. Yegetation would be enormous; and coal strata would be formed 
fix)m the vast accumulations of woody matter, which would gather in every 
favorable locality." 

Qttestiox. — ^What are inpposed to have been the climatic conditions of the earth daring 
this period? 

heayal, for at least a few feet, sach surfaces at the water level should have become soffi- 
dentlj consolidated for the production of the ^gantic coal vegetation. But the sinking 
condition was the general one. Platform after platform di8api>eared, as century after 
century rolled away, impressing upon them their character as they passed ; and so the 
coal measures, where deepest and most eztensiye, consist, from bottom to top, of these 
buried platforms, ranged like the sheets of a work in the course of printing, that, after 
being stamped by the pressman, are then placed horizontally over one another in a pile.^ 
—HughMilUr. 

^ The knowledge of this simple fact would have eared the useless expenditure of thou- 
sands of dollars both in this country and in Europe. It Is worse than useless to expend 
money and labor in following up signs of coal, uidess we are sure we are upon strata of 
Hie Carboniferous system. 
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264 The termination of the Oaiboniferoiw STStam ia marked by eridencea 
of volcanic violeace. Coal bods generally lie In basiDS^ m if (bllowii^ tin 
curve of the boda of lakes or Beaa. Bnt diere are few buioB which have not 
been brokep up ; some portJons of them being toasad up on edge, while 
othera have be^ allowed to sink ; thus causing the eoda of strata to be tb> 
moved many yaidf^ or even hundreds of feet, ttom the correapoDding ends 
of neighborii^ ft'^iiients. Rg. ISS illostrales the nature and mode of oo- 
cqrrence of such disturbances (A, 5, and represeothig three seams of ooa^ 
These phenomena are hdd to have been the results ot vcdcanio morementi 
below, the (^ration of which is further seen in uumercHU dikes and In- 
tmsionB of trap rook, which tmvertie the coal mesrares in ereiy diredioiL 

FiQ. IGS. 



IV- 1^9 represents a section of the cod fields of Belgium, and convey aa 
idea of the manner in which coal seams and their encasing strata of shales, 
sandstonea, and limestonca aro oltea flexed, and apparently multiptied. Tig. 
157 represents a section of the antluacito coal fields of Pennsylvania. 

Fio, 1G9. 



Such disturbances, although ollen very aunojlng to the miner, have, how- 
ever, on the whole, fadlilated the discovery and working of coal, by causing 
a succession of beds to outcrop, or appear, at the suriace. Figs. 198 and 
159 also show the manner of readiing and working the different coil seams 
by a system of shafts and subterraoean galleries.* 

QUBnon.— Wlut phuonKU nurked the tvrmlnttton gf the Cirt»alferaiia UTiteml 

* Orer m lugs part of ttia United Btkl« it Iiu not bMome ntMuuy to link riwAa for 
caul to uf Ter7 gmt doplh. tnt ths qwrrriiig ia 

''atrip" off (ha orerljin^ rock ratJier than to e^ 

Great BtiUin, boTerer, the eicantioni for coal » 

tteirorlil—i.*., 1,600,1,600. and I,000fcet. And It 

reet belov Ih^anrfoce, niigh HUler l«tli Da ho taaa aeea tho rock roof oT a gmUory oom- 

plBtaly oorerei -llli iiopreieloiu of the feet of a reptllB tbaC walked over It, asea Mga, 

vbva it fonMd tba tmmedlata (muddj) tcireatital ■urraea. 
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Other pfxx)6 of Tiotence daring tiie CasbcnaSsmnsa epodti are seen In tiie 
eziflteooe of groat bedg of conglomeratefl^ which oocor in this system. In 
Pennnjlyania two sodi great ibrmations have be«i obsenred— one near tiie 
base of the system, 2,660 feet thidc; the other higher in the series, and of 
abont one half this thickness. Now, these con^merates, as usoal, consist 
of firagmiratB of older rodcs, more or len wom fiom bmng tumbled about in 
agitated water, and laid down in a mnd paste, which aft^ward hardened. 
We raaj legftimately infer, that volcanic distorfoancee broke up the oldp 
rocks, that their fragments were wom in seas; and snbaeqiieatlj deposited 
with finer particles, in lajera 

The dose of the Carbcmifenxia system was also characterized by the passii^ 
away, or destmction of many forms of (»ganio lifo previously fiouriahing — 
especially in the vegetable kingdom. 

265. Varieties of Coal— Wood, and in &ct all vegetable tissues, 
consist essentially of csobon, hydrogen, and oxyg^ combined, in very nearly 
equal chemical proportions. ]^ we abstract Scorn wood a large proportion of 
its oxygen, and compress the remaining constituents until they become dense 
and compact^ the product formed wHl diffbr in no respect from the more in- 
flammable varieties of coal 

Now, when accumulations of vegetable matter are buried in the earth, un- 
der &vorable circumstances, and decomposition ensues, with an entire or 
partial exclusion of air, a similar result is produced naturally; or, to speak 
more precisely, a large proportion of the oxygen, and a smaU proportion of 
the hydrogen of the vegetable tissues separate, and leave behind, as a resi- 
due, substances rich in carbon and hydrogen — hydrocarbons, as they are 
technically called. These, variously affected by pressure, or by heat and 
pressure combined, furnish all the different varieties of coal. 

266. Peai (see § 163) may be regarded as coal in its incipient stage of 
formation, and, if submerged and covered to great depths with strata, would, 
undoubtedly, in time, become true coaL As it is, the layers of ancient peat, 
obtained from the bottom or interior of peat bogs, can hardly be distinguished 
from coal, and constitute an excellent (ueL 

267. Two principal varieties of mineral coal are recog- 
nized — ^bituminous and anthracite. 

Bituminous coal may be considered as a mechanical 
mixture of carbon and bitumen — the last being a some- 
what general name for certain compounds of carbon and 

QumiOHfl. — ^Wbatis the present e<Hidition of most coal beds? "Wliat is said of the ex- 
istence of beds of conglomerates in this sjstem ? What is the chemical composition of 
wood? How may wood be theoreticallj converted into coal? How is vegetable matter 
aetoaUj chained into coal? What relation is sustained by peat to coal? What two 
principal varieties of coal are recognized t What is the composition of bitoininoua coal ? 
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hydrogen, the products of the decomposition of v^table 
(or animal) substances, which resemble common tar or 
pitch, and are highly inflammabla 

If we conceive a piece of charcoal thoroughly impregnated with pitch or 
tar, we should have a substance very similar to bituminooa ooai 

These two ingredients of coal are easily separated fix^m one anotibier by 
heat, as is constantly done in the manu&cture of illuminatang gas ; the more 
volatile Intumen being driven off from the coal in the form of ga^ or coUeot- 
ing in the pipes as coal tar, while the carbon or cc^e remains behind. 

Anthracite is the name given to a coal whose bitumin- 
ous or volatile constituents have been mainly driven off 
by tiie agency of heat and pressure, leaving the carbon in 
a dense and nearly pure condition behind. 

When bituminous coal is ignited, its volatile constituents, expelled by 
heat, bum with flame and smoke ; while anthracite, from its previous de- 
privation of bitumen, bums without flame or smoke. 

Between these two extremes, coal is found of almost every intermediate 
variety. The richest, or, as they are technically termed, the "fettest" bitu- 
minous coals contain from forty to sixty per cent, of bituminous matter. 
Carmd (candle) coal is a highly compact variety of bituminous coal of an even 
texture, and breaks with a conchoidal or shell-like fracture. It contains a 
large amount of volatile matter, and^ when lighted, bums freely like a candle 
— Whence its name. Jet is an extreme variety of cannel coal, x>f deep black 
color and brilliant luster; it is capable of receiving a high polish, and is often 
set as jewelry. 

268. The purest coals yield, on oombustion, only one or two per cent of ash, 
or inoombustible matter; ordinary coals, however, yield from Ave to ten per 
cent — an amount that corresponds very nearly with the quantity of saline 
and earthy substances found in the tissues of plants ; others more impure 
may contain twenty, thirty, or fifty per cent, of ash. At this last point coal 
k>seB the property of ready combustion, and also the name of coal, and be- 
comes caibonaceous, or bituminous shale or slate.* 

QinnnoK8.---niactrftieibeo9rapoBitioiiof bitamiiKnisooftl? What is anthraoito ? Whj 
does bituininoiis ooal bom with flame and smoke ? Why does anthracite bam withonfe 
flame and smoke ? What is said of the other and intermediate varieties of coal f What 
is jet ? What amonnt of imparity osuallj exists in coal ? 



* Solpharet (solphide) of iron often occnrs intermingled with ooal, and whoi present 
in consideraMe qoantttj is a most deleterious Impnrttf ; Inasmodi as the svlphnrons 
add gas, generated from ft, is not only aozions, bat also rapidly corrodes the iron work 
of the stoves and furnaces with which it eomes in contact When exposed to air and 
moisture, salphoret of iron undergoes deeompoeitton, and de-rek^s beat; and Utnmiiu 
oas Goala containing it, are^ for this reason, always fiable toi^Kmtaneons eonbnatiiiiB. 
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Anthracite coal may be regarded as a metamorphic 
coal ; and is rarely found except in regions very much 
disturbed by igneous agency, and where the strata are 
inclined, broken, and contorted. 

It often happens^ moreover, that in the same coal field the coal is anthracite 
or bituminous, according as the strata are more or less disturbed and altered. 
Thus, in Eastern Pennsylvania, where the coal strata are very much con- 
torted and sometimes perpendicular (see Fig. 157), the coal is all anthracite; 
while in "VVestem Pennsylvania^ where the strata are nearly horizontal, the 
ooal is bituminous. In New England coal occurs associated with strata that 
hare been? subjected to an extreme degree of metamorphism, or, in otBer 
words, "have been more acted upon and hardened by heat than usual," 
and here the coal is rendered so stony, and approaches so closely in charac- 
ter to graphite or black lead, that it is rendered nearly (or quite) unfit for fuel. 

269. Oraphite (Plttm5a^, or Black-Lead) is generally believed to bo 
anthracite coal, which has been subjected to the most extreme degree of 
mineralization or metamorphism. It occurs chiefly in the older geological sys- 
tems — ^very firequently in the neighborhood of igneous eruptions. It consists 
almost entirely of pure carbon, with a small proportion of iron, as an admixture. 

2*70. Mineral Oils {Naphtha, Petroleum), A. Bph allium, etc. — ^When 
bituminous coal, or, in fact, any substance of vegetable or animal origin, 
which is rich in carbon and hydrogen, is subjected to heat in close vessds, 
certain volatile constituents distill over, and, on condensation, yield gas (car- 
bureted hydrogen), oils, and various pitch-like products. This result which 
is extensively produced in the arts, for the manufacture of gas, coal oils, etc^ 
appears to have taken place naturally and on a large scale, in the earth ; and 
we accordingly find, in some localities, emanations of inflammable gas (see 
§ 146) ; or springs of mineral oil (the thinner varieties of which are termed 
" 27apht?ia,^* and the more viscid, ^^Pdiroleum") ; or hardened masses of pitdiy 
matter, which are known as *^Asp7iaMum," " Mineral PUch;^ " Bitumeny^^ etc. 

The product of natural oil springs is oflien very abundant In Burmah, 
Asia, a single group of springs are said to yield regularly 400,000 hogsheads 
of petroleum annually. In the United States large supplies of mineral oils 
are obtained in many localities — especially in "Western Pennsylvania and 
"Virginia. In Venango County, Penn., where the oU is bored for as in the 
construction of Artesian wells, subterranean reservoirs have been struck, 
which are reported to have yielded firom 400 to 800 gallons daily. 

The most remarkable accumulation of bituminous matter known, is tho 
Great Pitch Lake of Trinidad, "West Indies, which is three miles in circum- 
ference, and of an unknown depth. It appears to be an immense deposit of 
petroleum, partially dried and hardened by exposure to the atmosphere. 

^fineral oils and bitumen are not, as might be supposed, the product of 
Carboniferous rocks exclusively ; but, on' the contrary, they are yielded by 

QrannoNa— -Under what circnmstances is anthracite coal found ? What are illustra- 
tions of its occurrence ? What is graphite, or plumhago ? What is said of the origin of 
the natural oils ? Where is the most remarkable natural accumulation of bitumen ? 
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Strata of almost every age which are rich in tlio remoina of plants or ani- 
mals. In this country some of the most copious oil springs {i. e,^ those of 
Pennsylvania) come up through strata which are older than the Coal Meas- 
ures, and which are almost barren of fossil plants. 

271. Distribution of Coal. — Coal is very widely distributed over the 
world, although some countries are mwe highly &vored ikan. others. Avail- 
able coal fields occur in Great Britam ; in Spain, France, Belgium, and Middle 
Europe ; in India, China, and Japan ; in the islands of the Indian Archi- 
pelago; in Australia and New Zealand; in South America, Chili, and Peru; 
in Greenland, Melville Island, and in British America. But nowhere is the 
coal formation more extensively displayed than in the United States, and 
nowhere are its beds of greater thickness, more convenient for working, or 
of more valuable quality. 

The eastern half of the continent of North America exhibits five great 
coal fields, extending tmm Newfoundland to Arkansas: 1. The^r.s^ or most 
eastern, is that of the British Provinces, Newfoundland, Nova Scotia, and 
New Brunswick. Its area is probably about 9,000 square miles, though 
only one tenth of this surface appears to be underlaid by productive coal 
seams. 2. The secondj or Ghreat Appalachian coal field, extends fix>m Penn- 
sylvania and Ohio to near Tuscaloosa, in the interior of Alabama. It is 
about 875 miles long, and is estimated to contain 70,000 square miles. 3. A 
ihirdf and smaller coal field, occupies the center of the State of Michigan ; 
it covers an area of about 15,000 square miles, but is not very produc- 
tive. 4.. JLfowrlh great coal field is situated in the States of Kentiuiky, Indi- 
ana, and Illinois. Its area is estimated at 60,000 square miles. 5. The 
' pfih^ and most western, occurs in lowa^ Missouri, and Arkansas, and occu- 
pies an area of about 67,000 square miles. Besides these great deposits, coal 
is also found in New Eng^nd, Kansas, Nebraska, and Texas. 

The aggregate space underlaid by the coal fields of North America amounts 
to at least 200,000 square miles, or to more tiian twenty times the area which 
includes all the known coal deposits of Europe. 

The amount of coal included in tlie great coal fields of Europe and Am^ica 
has been approximately estimated by Professor H. D. Bogers, as follows : 

Belglam, 86,000,000,000 toM. 

France, 69,000,000,000 

British Islands, .... 190,000,000,000 

Pennsylvania, ... - 316,400,000,000 

The Great Appalachian coal field, - - 1,867,600,000,000 

Indiana, Illinois, and Kentucky, • - 1,277,600,000,000 

Iowa, Missouri, and Arkansas, . . 739,000,000,000 
All the productiye coal fields of North America, 4,000,000,000,000 

QuBsnoNB.— What is said of the yield of " mineral oU** springs and wells? What is 
said of the distribution of coal in the Old World? What of the coal deposits of the 
United States? Where are the great coal deposits of North America located ? 



*<rt 



* The present annual product of the chief coal producing countries is nearly as follows : 
Great Britain, 80,000,000 tons; the United States, about 10,000,000; Belgium, about 
6,600,000 ; Fraooe, 4,600,000. The total annual consomptton of coal in the world is esti- 



1 
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PEBMIAK SYSTEM. 

272. This system, as developed in Europe, consists 
essentially of reddish sandstones and conglomerates, and 
of common and magnesian limestones, with deposits of 
mark and gypsum. It derives its name from the Qt)veni- 
ment of Perm, in Russia, where it is extensively developed. 

It was fbrmerlj supposed that the Permian system was not represented in 
North America; but within a very recent period deposits of this age hare 
been discovered in Illmois, Kansas, and Nebraska. Evidence has also been 
adduced bj Pro£ Emmons showing the existence of Permian strata in North 
Carolina; and the same gedogist supposes that a portion of the red sand- 
stones of tiie Ck>nnecticut River Yallej and of the Atlantic slope of the Ap- 
palachians also bdong to this system. 

The organic renudns of the Permian system are not very abundant^ and do 
not seem to differ greatly from those of the Carboniferous system. 



2t3. Close of the Palaozoie Poriod—With the dose of ^e 
Permian system the PalsBoeoic period terminates. The reason for drawiag 
a line of division here is, that there occurred about this time a vast interval, 
during which the pari of tiie world now occupied by Weston Europe (whence 
our data are diiefly derived) seems to have been more than usually affected 
by forces of dkituibaoce and destmetion. The TodkB previously d^)0Btted 
were greatly disloeated, and tilted xxp in varioos directions, and Uage parts 
of them removed by the action of water« In the United States, the great 
chain of the Appalachian Mountuns, which stretch from New England to the 
South^n States, is supposed to have been ^vated at about this epoch ; since 
the u{^)OT strata of the Cubonilerous system, in Pennsylvania, are gteatly 
disturbed, while the strata of lat^ ages, which cover them, have not been 
similarly acted upon. Purthermore, this physical break and discordance in 
p6nti<m between tiie deposits of the Palffibzoio and those of subsequ^xt pe- 
riods was accompanied by a great and i^parently sudden change in the or- 
ganic remains which they contain, and it was even held at one time that there 
was not a single oiganism — ^animal or vegetable — common to both the Palaeo- 
zoic and Mesozoio periods. 

QusBTiOKS.— Where is the Permian sjBtem principally developed ? What Is the origin 
of its name? Does it exist in this country? What period does the Permian system 
terminate ? Why is there a line of division in the geological series drawn here ? 

mated at about 100,000,000 tons. At this rate, the coal ftdds of Pennsyhrania alone 
would meet the demand for 8164 years ; and if it were quadrupled — ^viz., #00,000,000 — 
the prodnctive coal fields of North America would suffice for the world* s supply for 
10,000 years to come. A survey of these figures, therefore, win serve to dispel any ap- 
prehensions of an immediate short supply of coal ; and we must also take Into coniddera- 
tion that new coal fields are discovered as geological exploration hecomes more extensiTe 
and exact. 
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The Palaeozoic period was characterized — 1st. By the 
non-existence, so fSeir as is yet known, of birds, or of any 
mammiferous animals, and by the rarity of all other 
vertebrate animals, except fishes, which last were all 
distinguished by the possession of uneiiually lobed or he- 
terocarcal tails. 2d. By the existence of many peculiar 
types and genera of shells, corals, and crinoids, and by 
large numbers of trilobites, of which we find no trace 
afterward. 3d. The vegetation that flourished upon the 
earth during the PaiaBozoic ages was remarkably different 
from that of subsequent periods. 

There was, finally, during the Palaeozoic age, but little variety among the 
animals of the dififerent regions of the globe; and this may, perhaps, be e!D> 
plained by the peculiar configuration of the earth at that period. Great 
moimtains did not then exist; the sea covered the greater part of the smv 
hce of the globe ; and the animals which then existed and whose remams 
have been preserved, were mostly aquatic. This wide distribution of the 
waters, furthermore, impressed a very uniform character upon the whole 
animal kingdom. Between the different zones and continents no such 
strange contrasts of the different types existed, as at the present epoch. 
The same genera, and often the same species, were found in the seas of 
every quarter of the. globe; from which we must also conclude that the 
climate was muoh more uniform than at ^e present day.^-AoASSiz.* 

QoKTioafS.—- What were the prln^Ml featoi^e whUHi cbaraeterlced tbe Ftimomio a^ef 
What is laid of the nniiionnity aaaimg the races of animals tiiat prevailed at that time in 
difCerent parts of the glohe? 



* The names given to the varioas stratified groups of rocks included in the Palaozoic 
period, are, as has already been remarked, derived, for the most part, from the geo- 
graphical districts where the deposits in question were first studied, or from certain narrow 
mad local mineral or fosdl charaeteristios. (See | 186.) As the study of geology, how- 
ever, has extended, many of these names have been found to be too local and inexpressive, 
and, in fact, often inconsistent with the real characters of the formations, as determined 
by later investigations. To avoid these difficulties, therefore, Prof. H. D. Bogers has 
proposed to divide the American geological formations, extending from the lowest de- 
ported in the dawn of organic Ufe to those fbrmed at the end of the Coid period (accord* 
iag to certain well-marked fossil or physical peculiarities), into fifteen groups or series of 
deposits, and to designate them by names significant of their relative a^ses. To acooni- 
plish this, he employs words which suggest, metaphorically, the different natural pe- 
riods of the day ; and whic|i, commencing with the lowest of the series, are as follows :— 
Primed^ Auroral^ Matinaly Levant, Surgent^ Scalent^ Pre-vMridiaru, Meridian, Post- 
fneridian^ Cadent, Virgent^ Amen/, Vespertine^ ZTm&niZ, and £feral— meaning, respect- 
ively, the formations of the Dawn, Daybreak, Morning, Sunrise, Mounting Day, Climb- 
ingDay, Forenoon, Noon, Afternoon, Declining Day, Sunset, Evening, Dusk, and Kight- 
foU. Sueb anmnendatnre of the Paleoaoic formatioiis, baaed on time, is desiralde ; and, 
though not at present adopted to any great extent, it may be, ultimately. 

n* . 
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MESOZOIC PERIOD. 

274 The stratified rocks of the Mepozoic ({. c, the 
middle period of geological time) are arranged into three 
systems, viz. : the Triassic (sometimes called the New 
Red Sandstone), the Oolitic or Jurassic, and the Creta- 
ceous. 

TEtlASSIO BY BTEJl-^New Red Sandstone. 

275. This system derives its name Trias (triple series) 
from the circumstance that it is composed, in continental 
Europe — where it is very fully developed,^-of three dis- 
tinct groups of sandstones, limestones, and marls. 

In England, the rocks of this system are principally red sandstones and red 
marls ; and hence the early English geologists gave to them, collectively, the 
name of " New Bed Sandstone^" in contradistinction to the " Old Bed Sand- 
stone^^ (Devonian), which lies below the Carboniferous system. As this sys- 
tem is also noted, in Em'ope, for containing large .deposits of rock-salt, it is 
sometimes termed, moreover, the "Saliferous" (salt-bearmg) system. 

Distribution.^In the United States, the Triassic system is probably 
represented by a part of the shales and sandstones found in the Yalley of 
tlw Connecticat River, and also in Eastern New Jersey, Virginia, and North 
Carolina. Deposits referable to this age are also believed to exist in the 
territory of Utah and New Mexico. 

Life of the Epoch. — The red sandstones, marls, and shales, which 
constitute a large proportion of the rocks of this system, are very barren of 
fossils; and it may be here remarked, that, as a general rule, fossils ar& 
always more rare in red rooks than in those of any other color. The matter 
imparting the red color (peroxyd of iron, etc.) seems to have been either 
destructive of life in the seas in which it prevailed, or else it was ill adapted 
to the preservation of the remains of animals that were deposited along with 
it In the limestones and other rocks of this system, devoid of a red color, 
fossils are, however, often very abundant 

As has been already stated, the Triassic system — forming the commence- 

QuBSTiONB. — What system constitntes the base bf the rocks referred to the Mesozoie 
period ? What is the origin of the name ** Trias V* By what other names has this sys- 
tem been designated ? What is said of its distribution in the United States ? Where is 
it most folly developed ? What is said of the life of this period ? What dan of rooks 
are characteristically barren of fossils? 
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mfflit of the Mesozoio period — is considered as marking the dawn of a new 
circle of organic life upon the surface of our planet "In pasang upward^" 
says Hugh Miller, " from the Permian to the Triassic, we seem to pass not 
merely from one dynasty to another, but, if I may employ such a term, from 
one dispensation to another." The singular and typical plants of the Carboni- 
ferous system — the lepidodendra, the sigillaria, and the like — have nearly all 
disappeared, and g^ven place to forms more nearly allied to the tropica! 
plants of the present day. We find, moreover, in the Triassio rocks, none 
of the curious corals of the Silurian, Devonian, and Carboniferous sys- 
tems, comparatively few crinoids, no trilobites, no strange-looking, bone- 
encased fishes; and now, for the first time, we find fishes with homocercal, 
or equally lobed tails, while the heterocercal, or unequally lobed form, ceased 
to be the universal or common characteristic of this class of animals. 

In the rocks of the Palaeozoic period the remains of only a few reptiles 
have been discovered, and it is not probable that this class of animals had, 
at this age of the world, any great development During the Triassic epodi, 
however, we have evidence that reptiles existed in large numbers, and of 
the most peculiar characters. 

Fia. 160. 




One of the most remarkable of these was the " Labyrinthodon^^* a strangely 
formed reptile, unlike anything which now exists. It more resembled a 
fit)g or toad than any animal with which we are now acquainted ; but, in 
addition to its fix>g-like peculiarities, it had the head and teeth of a crocodile, 
and a size but little inferi<»r to that of an ox. The prints of its feet, which 
are impressed and preserved on the surfaces of the Triassic sandstones, as 
clearly as if the animal had traversed the muddy beach of yesterday, very 
much resemble those of the human hand ; but, as in the frog, the hinder 
paws were fuUy twice the size of the fi>re ones. Fig. 160 represents a re- 
stored outline of this animal, and the appearance of its tracks. 

In the uppermost beds of the triassic system we obtain 
the first vestiges of the existence, upon the earth, of warm- 

QuBSTioirB.— In trbftt mpect is the Triaasle system partienlariy distinguished from 
the systems that preceded it? What class of animals were especially developed dnrlog 
tills age f What remarkable rqitOe then existed f 
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blooded, air-breathing, vertebrate animals, viz., the teeiii 
and vertelnve of several species of small quadrupeds. 

These, from the structure of their bones, it is inferred, must have belonged 
to the order of marsupalia (pouched animals)— the lowest group of the sub- 
kingdom, Mammalia.^ The most ancient, probably, of these remains have 
been found by Prof Emmons, in North Carolina. 

It may here be observed, that although no specimens of so laige a class <^ 
animals as mammalia are found earlier, yet such may, nevertheless, have 
existed, and the defect may be in our not having found them ; but other 
things considered, the probability is that h^^tofore none existed. It is also 
an interesting circumstance, that the first mammals found should have be- 
longed to the msirsupialia, when the place of that order in the scale of crea- 
tion is considered. 
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276. This system is sometimes termed the Oolitic^ from 
the oolitic texture of many of the limestones that belong 
to it (see § 15); and sometimes the Jurassic^ from the 
circumstance that it is extensively developed among the 
JTura Mountains of Switzerland. 

2tT. Distribution. — ^The Oolitic system is typically more developed, 
and has been more minutely studied, in England, than in any other portion 
of the globe; and it there consists of. three well-marked groups of strata — 
the "Lias,"f occupying the lowest portion of the system; the "Oolite," the 
middle portion; and the ""Wealden" the upper.J In France,. Switzerland, and 

QuKSnOKs. — What is said of the existence of -warm-blooded animals at this epoch? 
What Bystem succeeds the Trias In the ascending order of the series? Give the de- 
riyation of the names applied to it ? Whare Is the OolUfo ^rtem most Axteulvelj ^o « 
veloped? 

* By marsapial quadmi>eds are understood those animals which possess a pouch in 
which the prematnrdy-bom young are nursed and carried about by the mother until 
aide to take care of ttiemselves. Of Oieae creatures the kmngaroo is the bestlcnown, and 
largest representative at present existfatg. The opossum Is the only representattve of this 
group found in North America. All these animals are nocturnal in their habits, so that 
it rarely happens that the traveler discovers lAteir existance, even in districts imrhicSi the 
smaller kinds may be comparatively abundant 

t This \xsnxL is said to be a corruption of the word ** Zi0r</* or " Zti^/wv,** and waa origin- 
ally applied to the thin beds, which characterise the limestones oocuring At the base of 
the Oolitic system. 

X So distinct in many respects are the groups of the Lias and Oolite, that they are boom- 
^ times treated as independent systems ; and it ig not improbabla that thepr^pTMS of dift*. 
oovsry will ere long compel geologists to adojtt this arcaageioent nniversally. 
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G^noany, &e sjatem is also hcegfUy doTeloped; but im Iheee ooootriM the 
dqxBits are mainly referred to the groups of the I4as and Uie Oolite; tlie 
Oolite also occurs oa a large scale ia India. 

In the United States the Otitic or Jurassio system occupies, comparatively, 
but a yery small area. The upper portion of the senes of shales and sand- 
itones fou&d in the Conneoticut Biver Valley, and in New Jersey, are now 
generally bdieved to belong to this age, aa is also a d^xxsit of saodstonea^ 
eoBttuaing workal^ beds of coal, near Bk^mond, Ya. 

Kumeroos fossils, peculiar to this system, haye also been rec^itfy brought by 
the expeditions in standi of Shr John Franklin, from extreme Arctic regions. 

2^8. Characteristics of the Oolitic System. — Thissystemis 
mainly composed of limestones, calcareous sandstones, clayS) shales, and oc- 
casionally seams of coaL* There is no particular appearance of disturbance, 
so &r as has been observed, in Europe, between the strata which mark the 
.dose of the Triassic system and the beginning of the Oolitic ; but there is, in 
Europe, a noticeable change in the oonstituent materials of tiie rocks of the 
two systems (i. e., from sand to lime) ; thus indicating, that while the bottoms 
of the seas of one epodi were chiefly arenaceous (sandy), those of the latter 
were chiefly limey and dayey. 

279. Life of the Epoch • — ^The organic remains of the Oolitic system 
are all MJesozoio — that is, they belong to genera and species diflering from 
those found in the Palffiozoic rocks, and differing also, though less in general 
aspect, from those found in the rocks of the Cainozoio or subsequent period. 
They are exceedingly numerous and well preserved — ^particularly in tiie de- 
partment of animals — and more particularly still, in the class of mdluscs, 
■whicb, it bas been observed, axe always more conspicuous in a system in 
proportion to the jn^ominanoe in it of calcareous ix>cks. 

In this system, we likewise find that s'ame uniformity over great space which 
has been remained of the fossils of the earlier systems. In the Oolitic rocks 
of the Himalaya Mountains, of South America, of the region north of the 
Gape of Grood Hope, and in India, fossils have been found, which, as far as 
naturalists can determine, are undistinguishable from fossils occurring in the 
.Potite and Lias of Europe. 

280, Yegctatiofi.— Tho vegetation of tiie Oolitic ^a was 
^ixtremely varied, but the highest order of plants which 

(QxTxanoirs.— What is «aid of its ocetirrenee in the United States? What is tiie charac- 
ter of tibe rocks eompodng the O^tic system? In wliat respect do tiieyparti^ilatly differ 
ftom the rooks of the Triisstc system? What is «aid of the lifo of this epoch? 



* The Uifhft-eoiored " Caen Stone/* irhieh has been of late years eztensirely imported 
into tUs conntry from the north of France, and examines of which may be seen in build> 
ings in N«w York City <(.■«., the IfiMsan BaidO, and in the interior constraotion of many 
ehnfobe% is a sandstone of this system. So are also the fine-grained, cream-colored 
lioMStonM imp<Mrted from Oermany for " lithograpUo stones.** 
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then existed appear to have been coniferous (cone-bear- 
ing); " and as yet no example of a true exogenous timber 
tree has been detected." 

Among tba most ctuinicteriatic forms of this ^e was a beanUfbl Gunil^ of 
pluitt^ ictennediate in cliaracter between palm^ pines, and (^ma, termed 
Cycadacrao (single plant, Cj/cas), some of which had ehort, cylindriral, soaly 
8tem«, Bormoautedbjatdt oTelegaiit lBaTaa,Te«embltaigB{Hne-^ple; wbile 
ottaera bad talt, straight tnmks twentf or thirty bet in lieight. Hie strao- 
tnre of tiie CTcaa is abawn at 3, Fig. 161, which repreoenta a restored aspect 
of the Oolitlo vegetation. There were also tree fema (ace Fig. IGI, No. 2), 
bat in smaller pioportjon than in fbnuor age^ palms (1 and 1), pinea (5), and 
nuntNons plants reaembling the aloe, the agave, pine-c^ple, etc (6, T, and 8). 

Fib. 161. 



The TogetafloQ, to short, of the Oolite, waa genorally analogons U> that ' 
which DOW pcerails at the Gape or Good Hope, and in some of the Idanda of 
the Padfic; and aeema to indicate a climate (apparently a univeisal climate) 
between the tropical and the temperate. It was also anfflcienOy loxoriant 
to prodnce depoaila of coal, which are sometimoB workable. One of the most 
remarJiablB of ibeae occurs iiBai' Richmond, in Virginia;, and, Blthough the 
coal in tbia locality lias been derived from an assemblage of plants, veiy dis- 
tinct specificallj and in part genericallj, from Uioee whicll contributed to the 
fonnation of the more ancient or Paleozoic coal, 70!! it is not surpassed in 

QDiRioflB.— 'Whit li nid of the Teeetnthm of tba O0IIM I 'What vera khm vt th* 
moneluirutsriBtloloniiiafiUaacgf Wbit I9 imtd of Ifaa udttMiia of csid In tU* If*- 
t«nt Wbcn doa the mart renurluble dapodt otOcUUccoslooenrt 
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qmJi^, and is abnndant in quantity — the main seam in some plaoes being 
from thirty to forty feet Uuck, and composed of pure bituminous coaL* 

Lignite* — Most of the deposits, however, of vegetable matter, found in 
the Oolitic system, and in all the other geological systems also more recent 
than the Oarboniferbus, have not experienced a sufficient dego&e of mineral- 
ization to convert them into true ooal ; but they form an imperfect variety 
<^ooal, termed Idgnite (Lat, lignum^ vfood)f or Brown CocUj which, in general, 
resembles charcoal, and exhibits the ligneous texture of the wood more or 

less distiDctly. 

Fia 162. 
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One of the most interesting facts connected with the vegetation of the 
Oolitic period, is the occurrence, in certain localities in England— mterstrati- 

QuEsnoKs.— In what condition do deposit* of vegetable matter genendly occur in tha 
systems more recent than the Garboniferons ? What is lignite ? 

• The whole productive area of this Oolitic Virginia coal-field has been estimated at 
about 185 square miles, or about twenty-six miles in length, and from four to twelve in 
breadth. " The coal occurs at the base of a series of quartzose sandstones, and shales, 
and reposes almost directly upon granite. The whole of the central area is covered by 
conglomerates.** Fig. 163 represents a section of this Eastern Virginia coal field, show- 
ing the inclined position of the coal seams, and the manner in which the pits or shafts 
have been sunk to rtech th^n. 



Fia. 163. 
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fled wUh limefUoei and aaniaboamf—otiaA loMt^^ itnda, locaJlr kmnni 
aa "dirt-bedt," wluoh appear, baa iooanMaUale «videoca, to have beeatlM 
•oQl on wbioh grew the CjcadaoesB and other plants of this eia. In one 
locali^ at tiw Isle of Portlaod, 911 the ooast of En^and, we find, ta^ He 
Bakewell, " trithin a distance cd' two Ibe^ an entire duage, &cmi oteala cat- 
f^ ^inmp marine ahell^ to BtaJA i>nDe AiEmatiiiff tettctttdal pdaott ; ao^ 
diotdd any doubt aiiaa nepecting the coiginal place and conditkm of tlteas 
pIan^ there ii over the lower dirt-bed e, stntom of liotettiHM ooulaiiiiiif 
&«eh-wa(er ahelUi and upon this, a thick dirt-bed, in whit^ are Btaiapa (f 
tree^ from three to seven feet in b^gbt, moatlj erec^ with tbeir roots ex- 
tettding braiea^ them. Traoks oT treee are also found embedded in the 
wme stratmn, some of wliich aro from twenty to twenty-five feet in length, 
and from one to two feet in diameter." A section of the strata at this local- 
i^ is lepreeented in ^ig. 162, Fig; 32, page 75, repreaenta one of these dirt- 
bed* inolad«d between iooliiied strata. 

281. inimali. — The animal remainB found in die Oolitic 
or JuraflBic Byetem represent almost every ezisniig order, 
vitlt the exception of the higher mammalia — ^thus ex- 
emplifying the feet that there was, during aU tbe geologi- 
cal t^es, a constant and upward progress in creation — but 
leaving qs in ignorance of the means hy which ibe creative 
power accomplished its des^ns. 



The invertebrate inhabitttnta of the oceans of the Oolilo— the corals, 
sponges, Etar-flshes, crinoid^ and molluscs — wore eitremaly abundant. Of 
the molluscs, the cliss of cepbalopods (swimming shell-fish) — creatures of 
Jngb standing 1:1 their departnient of tho Animal kingdom, and represented 
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at the prwent d&y by tbe naafflna hdA Um aalXi»-ttAt—-ecnatai fn Tad imn^ 
bOTtij greater, in fact, Bt tliiipatiodcifaie world'! hiatejthaa in aoyfiinMr, 
or Ktanf BobseqiiMit time. ^ 

Two genera, however, were bo reniftrlraWs and abtrndsnt, that ftey may b« 
almost said to characterize, of tbemaelves^ the rocks of the Oolite^ viz. : Tha 
Ammamta sod the Bdatmita. The fbrmer had eesentiollf the same cham- 
liered stnctare as the (Mhooetatitu {sea § 210), but instead of bnng Btraght, 
likettiem, the]rweTecoiledapin«p)«oeBpiraL ^ee figs. 164 and 165, wbidi 
leprweot two ^eciea of Ammonites.) The range of this geaoa is from tho 
Triaaaic to the Oretaceoos systeoiB, InchidiD^ the Oolit^ 
where, as already said, it attains its greatest develop- ^^ ^^ 

ment ; and from the strata of these ayHtema more than 
GOO disUnct q)ecies have been described — the sheila 
varying in size from a half an inch to three feet in diam- 
eter. At the close of tha Ueeoztdo period the genus be- 
came eztiaot, and at present there are no mmUar shells 

282. TbeJWennit(e(Gr., /JeAjiUvw, adorfjisftcyKo- 
dTicid rti^ terminatiog at one eztremity In a pcrint, 
and hsTiDg at the opposite, or largest end, a conical 
cavi^. (See 2, Fig. 16S.) Some specimens are several 
Inches in drcumference, and itora ten to twelve inches 
in lengUi. They are tbund In great nnmbers in the 
rocks of the Oolitic and Cretaceous systems ; and on 
the continent of Europe there are limestones which are 
almost wholly composed of tbem. For a long time it 
was a question with geologists, what was Uie nature 
of the animal to whidi this ungular diell b^Miged, 
but it is now known to have been tite internal bone of an ex ti ue t oepbalo- 
pod, allied to the squid or the cutUe-flsh of our day. ITg. 166, No. 1, shows 
the restored appearauoe of the animal, and a the position of the belemnile. 
This creature was ftarnislied with an ink-hag (like the exlstihg cuttle-flsb, 
which (tarnishes the material fbr the preparation of the dark pgrnent known 
as s^ptd)^ with which it could muddle the water around it, and thus protect 
itself against the attack of mora pow^ul animals. In Eomo instances these 
ink-bags— more than a foot in length — have been foaad attached to tiie be- 
lemnite, with the ink material in them so well preserved that it has BOtiial^ 
been employed as a pigment" 

i; Ducilbs tlw BalaMUiilMl 



•BAia(d»oftliaildiDWiDfth*iw^crffhl«BTit«iii la murlii* «»Ili Biar bs (ililad 
fnnittas foUoKliig deiBrlpClim of ■> portlini of Iba llu of Sootlud, br Ha^ lima : "It 
csultti of lucJuB u lUn u ibeM* of pMteboud, irhleh, of oonn*. ihon Out than na 
bHllitlUdaparitedatBI4iiie,iuidpui>MbehraH>c>Ad9oaIt. Tat B«T«r did dHinetvt 
or flgoTH U« dowr aa ■ prlsled paga tbu tha orgulnna on Ilia nrfHea of thaaa lHf.4lka 
— - - - - a Shbh, and (nra up a portiBD of one of tlw 
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283. Fishes «— In nnay of tlie strata of the Oolitic system, the remams 
offish — i^aooids and ganoids — are abmwtent The forms are^ however, wi& 
few exceptions, dififerent firom those found in the strata of aoj of the preced- 
ing i^n^ems. 

284. Reptiles. — But the most striking circumstance 
connected with the life of this epoch, was a most re~ 
markable development of reptilian forms of life, which 
existed in such numbers that the Mesozoic period of our 
earth's history is often spoken of as the ^^Age of Reptiles.'' 

Some of the most remaiioible of these reptiles are known among geolo^sts 
and naturalists under the generic names of Ichthyosaurus^ Pksiosaurus, Me- 
gaiosaurusj Iguomodon^ Pterodactyle, etc. 

Fig. 161. 




The Ichthyosaurus (Gr., fisTi-lizard) was a sort of reptile- whale, 
that attained, in some instances, a length of thirty feet or upwards. Its 
general bodily form was that of a fish, to which was added the head and 

QussTiOKS. —What class of animals was especially developed during this epoch ? What 
name is sometimes given to the Mesozoic period ? What irere some of the more remark- 
ahle reptiles ? Describe the Ichthyosaoras. 



laminn, whose surface had last seen the light when existing as part of the bottom of the 
old Liassic sea, when more than half of the formation had still to be deposited. Is it not 
one of the parts of Sowerby's "Mineral Conchology" that has opened up to us? Nay, 
the shells lay too thickly for that, and there are too many repetitions of the same species.^ 
The ground of the tablet is of a deep black, while the colors of the fossils stand out in 
TariouB shades, from opaque to a silvery white or deep gray. There^ for instance, is a 
group of large ammonites; as if drawn in white chalk ; there, a cluster of minute bivalve 
shells, each of which bears its thin film of silvery nacre. We turn over another page. 
It is occupied extensively by ammonites of various sizes, but all of one species, as if a 
whole argosy, old and young, oonvoyte and convoyed, had been wrecked at once, and 
sent, disabled and dead, to the bottom. **And here we open yet another page more. It 
bears a set of extremely slender belemnites. They lie along, and athwart, and in every 
possible angle, like a heap of boarding-pikes thrown carelessly down a vessers deck on 
the surrender of the crew. Here, too, is an assemblage of bright, black plates, that shine 
like pieces of Japan work — ^the head-plates of some fish of the ganoid order ; and here 
an immense accumulation of minute, glittering scales of a circular form. W^ apply the 
microscope, and find evefy little interstice in the page covered with orgaidsms. And 
leaf after leaf, for tens and hundreds of feet together, repeats the same stnmge story. 
The great Alexandrian library, with its unsummed tomes of ancient literature, the ac- 
onmulation of long ages, was but a poor and meagre collection, scarce less puny in bulk 
than recent in date, when compared with this vast and wondrous libnuT- of the lias of 
Scotland.** 
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breast-bona oT a lizitrdi the paddles of a whale ; tita tacmt of apotpoiae^ 
aad the teeth of a crocodile. lU Btructuce is represented in Fij^ 167. 

The IchthTosaurus, however, was a true air-breathing aoimal, and could 
do what DO whale or porpoise of the preseat day ia capable of accomplishiiig, 
viz., it could crawl upoo the shore aa do the seals and the walrua It liad 
an enormous eyeball, which was larger, in proportion to the akuU, then the 
eye of any other animal — Che Drbilal cavity la one species being fourteen 
incbea in its longest diameter; and tliis e;e^ having no eye-lids, was pro- 
tected from injury by a casing of numerous thin, and, probably, fleiible 
bones: (See ITg. 168.) The length of its jaws waa sometimea upward of six 
fee^ and its teeth were numerooa and formidable. (See Fig. 168.) 
Fia. 163. 



The skin of the Icbthyosauraa (someporUona of which have been fonnd foas3) 
was naked, hke that of the whale^ and not covered with scales. Owl-like, it 
probably pursued its prey at nighty and must have been exceedingly desdno- 
tive to the animals with which it was associated. In some instances, the 
petrified stomach of the Ichthyosaurus has been fbund in connection with its 
skeleton, filled with the balf-digesled fossilized remains of flah , other reptilei^ 
and even with the young of ita own species. . 



The Plflsloianrai (Gr, irXi^stoc near to ; ■ and arrupo^, a laard) was 
anoUier marine repUe, rai^ng from ten to twenty feet in length, which has 
been hfcened to "a turtle threaded through with Oie body of a snake." (See 
Hg. 169. Its head, which resembled a lizard's, was very small ; its paddtea 



260 FIEBT PBfHOIPI.BI OT OSOLOOT. 

inn large, aod &« Acteof a ttErUe; audita Wl wae tOce that af a crmo- 
dile. Bat (iiB moat remariraMe ibstnre about tbia animtd vaa the eeornioai 
kpQgtll <^ ita Deck. Thiu, irhile tha mammalia have oat geDerallj more thaxt 
Ave oerricsl (oedi) Tertebne, and birds from uiue to twentr-fbur (the onan), 
the PleaJoBauras had fiom twenlf to fortj. 

This reptile was camivoroua ; but nolike the Ichthroeaorus, wbiiA \faa a 
deep-eea aniajal, it was probably a ehon creatare, Kid lived in baj^ sod 
shallow waters; and flwre, "larking nnder marine TegHtation, obtained ita 
pr^ bj darting out its long i>ec^ (md a^ziag it with its abarp and Cmiida- 
b)e teeUi." 




ClooodileaorTarfoua specie^ and oOea of great size, were contamporaij in- 
batataals of the same seas as tha IcthTosaoniS and PleBioaauma. Fig. ITD 
lepreaentB the Ibasil head and jaws <^ one speciea. We also find, in the 
neks of Uiis epodi, the bones and Hie trada i£ dbsktniMa or tortoiae^ and 
In some instancee; what app«$i to have been tiia eggt of theu animals (cfa»- 
tered togetlier as origioally d^ioeitod in the sands oT tiie aodent Oolilio bb»> 
flbcm), have boen found Gwsil. 



28S. Coproliteii — Is connection with the r 



a of GEhea in the Cor- 



bMii&iOQB system, and with the remains of fishes and marine reptiles in tha 
I^fl, 111. rocks of the Mesozoio period, there are 

found certain curious organic bodies, 
which all geolo^sts are agreed are 
the tbssiliKed " voiding)^' or "excrt- 
menio" of the above referred to ani- 
mals; and which have receired the 
le of Cbpnrfite»{Gr., KOJTpor, Aiflj; 
. and ?j0oc, a itasi). These Got»o- 
, in jaaay instances, contain 
' scales, fragmmla of Stella, bones, etc, 
— the undigested portiena oTtlw ani- 
mals m which tlie camivenias fish or 
reptiles pre jed — and o&eia exbiUt on 
their surfaces the corragation and 
vascular impressions of the intes- 
tfaies. (See Fig. 111.) In the neks of the Oolitic and Cretaoeoias STStem^ 
Coprolites are eapeclaUj abundant, so much so, that at oeitain bcaUtiea in 
England (which, sajs Mr. Bucklond, would seem to have been doaea meaina 
of tlie ancient ocean) they constitute a notable propntion of tbe etnUa; and, 

Qmnoa. — DsKtlbe Iha mulne rsptHe* of UieOolJta. 
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on aooonnt of &e Urg« paremtage of pboBphste et StD« eontNbied in tbam, 
an regnlaify qaanied, polrBiixed, and used aa manuj&* 

SSS. Land AnimaU of the Oolite. — Bnt remarkable aavere tbe 
fnhabltanta of tba Oolitic ocBao, the Siy land of this epoch mnat have ei- 
Mbited forma I^ more monstroas and g^antic. The most noticeable of Uhm 
were the soKsUed " ifegalosanma," " Mj/laoiaurus," and " Igtunodon," all of 
which were enotmotistorregtrial "crocodile lizards, "or saurians, covered wiUi 



The ITegalomwrM va» about thirty feet <□ leagtli, imd, jodging ftom the 
shaip, treDchant teeth that etiU Temaln implaated ia ila (besil jaws, was a 
h^hly carmTorooa and feiocioua ""'""■!, devouring, in all likelihood, amaller 
reptiles, nod tbe young of its frantic contmiporariea. 

The ^/taoatmnu waa a smaller reptile^ of from twen^ to twenty-five foet in 

length, wbioh had a row of very large, thin angular apinea, extending like a 

aeiTalad fringe along Its back. An existing tropical lizard, thoeycbirafBoe Fi^ 

1T2), has been suppoaed somewhat to resemble the Hylnoaaun 

FlO. 112. 



The Ijputnedon is proved, by the form of ila teeth and by the partiallj 
digeated vegetable matter (portions of coniferous and cycadaceous plants) 
Ibund in connoctioa with its skeleton, to have been an herbivorous (plant- 
eating) reptilo ; and in structure and habits probably resembled the Iguana 
(lizard) of tbe ^est Indies, from whence it derives its name. lu size, it 
rivaled tbe largest elephant in height, and greatly more than rivaled bim in 
length and bulk — ita aven^ length being about thirty feet, though some 
specimens are supposed to have attained a length of from sixty to seventy 
fbet Tbo.limbs of the Iguanodon must have been of proportionaCe size and 
strength to sustain and move so enormous a carcass. The binder extremi- 

Qrmno^f B. — WliHt iru 
•ooM at Itae prtiwlpil U. 
DmbtUm tlw IgoaDodon. 

■ Vnder Iha iudw of " bieOe tloifif' Capralltss hivs bssD ■!» and for aFUiao pnt' 
poie*. Dr. BuckUid, the silebratM EoEUih guloglit, hid ■ tihls In lil« driwlDg'-Toom 
(bat su niide entire!; of Uuh foidli, uid ni gflsn macb idolnl by penoni vim lud 
not tbe leut Idea of shstthe7 irerelDoktng al. " IbAvB (Ban," UTsbii son. "Innctiul 
UH, au-rlngn nula at tb« jnjlshed psrUans of Cop»llt« (for thej- ire u bud u nur- 
ble){ and, irUla admlrtDg the becnty e( tbe weuei, hive nude out dliHoetly Iba aalm 
md bona of tba G*b vhlEh onoe formed tbe dlnnor of a bldeoai reptUa. but noir himi 
pandnloui from Che sua of m nnconsdooi btOe, irbo had eiideaily DBrer read or buri 
of aueb prodnctlont.** — Buctland^M Curio$iU£4 0/ Satunil SUCory. 
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ties, In bH probabiU^, iMMnbled tbe tmwield;' oontoor of tike TUinoceroa or 
Mpp(^ioUinDs^ Bad were sDpported by ebort, stoat b«t Tbe ton feet ap- 
pear to bare been lesi bulk;, and to have been adapted for adzing and 

polling down the foliage and branches of trees ; aome of its clans which hare 
been found being more than fire inchM loa% and three inches broad. Upon 
iH aoont it oanied a sbort^ thick ham. 

Pterodactjrle. — Bnt the most wonderlbl animal of this, or any other 
•ge, waa the Pterodactyle {GT.,,v!iitg-Jingered), or flying reptile — a creature 
which was not altogetlier unlike the fiibled dragon of the Middle Agea. It 
had the head and nedcof abird, the jaws and lecih of a crocodile, the wioga 
of a bat, and the body and tail of a niMnmal. It was not, howeyor, a bird, 
or <nie of tbe funily of bats, but a true reptile, and, in all probabili^, could 
wbDc, fly, or ewim, as its necessities might require. Fig. 1T3 repreeonta one 
of tbe most per&ct fossil skeletooaof tl^ reptile, and .Fig. 171 tha aappoBed 
» of the living aciimaL 

Pio. 173. FiO. 174. 



The Bize of the Pterodactyle may bo inferred from 
thewingaofone specimen which has been found must haTe had a qiread <rf 
not leas than twenty-sovon feet, wjiile the spread of the wings of the great 
condor of the Anden — the largest of flying birds — does not exceed twelve 
feet 

237. Tbe Wealdenr— The most porfect specimens of these huge rep- 
tiles of the age of the Oohtfi have been obtained from that portion of the 
Bjatem whidi is known as tbe " WraMen"— a deposit of strata typically de- 
veloped in the southeast of England. In this locality, the groap of tbe 
"Wealden appeals to be the fossil delta of an andent, arflowing river*— a delta 
as large as that of the' Ganges oc the MisslasippL The strata of this delta, 
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Fio. 176. 



nm. FlgK 6 lod S repreMot oUisr Icblhounri— ons <n Die act at daroailDt ■ flih, 
■Dd ths olbci a bclemnite udniBl, or CDltla Ssh.— (Tha erldenne that the TcltliToaauTl 
preyed npontheae two >nlni«l> la flerlTel from the fictthit their coprolLlM oflaii oolitidn 
the nalea of the one, inS are, nol unfr equonOj. »lso color ed by the Inkj- .ecreUtPOB ef the 
other,)— PleelosaaTi aro aTsa fl^rod. one of vhich bofl un^ht k Plerodtet^le (eae Ftg. 4)i 
nrliDSB frf^htened oofnpnTilcma are vheeltQ^ i.bout in the air OTerbead. Bailing along tba 
nr^ee of the aes, npon tJie eitreme right of the picture, are aeeo a fleet of amioDnile 
dteUa. Fig, repreamiti, growing upon the boMom in gmat luxuriance, » apeclroan of 
crinold, or itone-llly. The land beara the peculiar TefetaWon of the OolKn. and 1i lenaDt- 
ed by terreltrta] reptHai, Finally, at the boKoDi of thia pritnerM nea ore itreved Iht 
bonea and suvaiaea of Ita Inhabitaot*— reptUea. flabaa. and ehalla-.whara they would ba- 
401110, tn the realltyi grsdnaliy oor^rad witii oitid, ud ooarerted iaW tme foaaUs. 
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whii^ la sonie places «xceed 1,000 IM in tbicknen, contBui fi'esh watec 
ahella, drift-wood, the booee of tiie bugs terreolml reptUee abore described, 

and, in ebort, all tbe sweepings of t, great rlTer, mingled and entombed in 
sediments witb marine sbelJa, craataoea, and the bones of fishes and of 
gigan^c marioe reptiles. What part of the earth's sui&ce preerated the dcy 
* land throng wbicb this river held its coune no one can tell for cMtain; but it 
has been lurmiaed, that it Sowed Irom a point somewbera In tbe viclnitj of 
the present island of Hewtbiudland, and across lands now submerged be- 
neath the Atlantia But through whatever unknown oootioeut Ibis oil and 
nameless river Qowed, "wekDow,"saff) Hugh Miller, "that Ita hanks were 
covered with forests of coniTeroua and t^xiadaceoua trees, and witb arborescent 
ftma, and were hanated b; gigantic reptiles, rivaling in bulk the elephant 
and tbe mammoth. Its waters were inhabited bj- amphibis of the aame 
great ciaaa, cbieSy crocodiles and turtlea of extinct species and tTpes ; by 
numsrouB fishes of the old ganoid order ; and b? shells, whose bmOies slJIl 
etiat in our pools and rivers, though tbe species are all exUnct Winged 
njJtiles, too, occaaionaDy flitted amid its woods, or sped over its broad 
bMom; and insects, of tlie same fhmily aa our dragon-Bies darted over it on 
wings of delicate gaoie, in search of their prey." 
Fia. I7G. 



2S9. InsectBi — During the Oohtic epoch, tbs number of insect speciea 
greats increased — so much so, that insects are believed to have formed, in 
pai%Uielbodofson)eq)ecieB<:fthefi7ingrq)tiles. In certain cakaisousstnta 
of the European Lias, remains oF insects as wing-cases, etc., occur in such 
numbers that tbe deports in queatioa have received tbe name of the " In- 
QannoH.— Wlwt li uU of ths Inaset Ufg of lb« OolUle epochl 
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sect limestone;" and E%. 1T6, whidi represents a IbssQ dragon-fly fVom the 
limestoDe of Solenhofbn, Germany, gives some idea of the peifeclion in which 
tbese fossils are not nnfrequeDtly fbaod. In addition to dragon-flie^ the fbl- 
lowing; other species of Oolitio insects are thaa enumeniled by a recent au- 
thori^ : " Ants were common, as were also crictets, grasshoppers, beetle^ ■ 
two-winged flies, and, in species distinct ttma the caiboniferoos ones, Ute 
disgusting cockroaches ; and, fhr the flrst time, amid the remnios of a flora, 
that seeniB to have had its f^w Sowers — though flowers conid tutve formed 
DO conspicuona ftaturo in an Oolitic landscape — we detect, in a few broken 
fiagments of the wings of batterflies, a decided trace of flower'SUckibg in- 

2S9. Blammalia. — Seven genera of mammalia have been described firom 
the ati^ta of the OoUtic system. They wero all, apparently, small, rat-lilce 
Hn i"!"'" , of the class of nuj^upial!^ and some of them were undoubtedly in- 
sect-eaterB. Their remains have been fomid chiefly in the Oolitic rocks of 
England. 

Fig. 111. 



390. Birdn>— The earliest baces of the existence of birds upon the sm^ 
ftce ot our planet are obtuned Dvm a deposit of red saodstones and diales in 
the Talley of Ihe Connecticut River, in New England — a ■ deposit fbrmerly 
regarded aa belonpng to tho New Red Sandstone, or Triaasio System, bat 
now generally referred (or at least the upper portion of it) to the age of the 
Liaa or Oolite. 
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No certain fl«gmmta of the tkeletoascif biid«, boirarer, have u yet been 
found in any geological fiamatkn older than tbe Wealdea (the appernHMt 
group of the OoUtio ByBl«m) ; but on tha successive layers of tbe deposit of 
shales and sandstones aboTB referred to (which eztends in tbe Valley of the 
, Cocnecticot Birer, frmn tbe northem put d UaesacbtiBett^ sonthwaJd for » 
distance of ninety miles), impresaioaa (^ tbe feet of birda and other animals 
occur in great niunbera. The general appearance of these remaikable fossils 
is represented in Fig. 17T. 

Tbe aggregate tliicknesa of the succesaive layers a! diale and sandstons^ 
on the sar&cea of which these tracks are impressed, has been estimated to ex- 
ceed n tbonaaad foet In many instances, tbe wdglit c^ tbe animal bent 
downward several layers of muddy sediment — so that now, when tha rock, 
resnlting from the consolidation of the sediment, is split open, ve find the 
impressions of lis feet preserved, more or less distinctly, on a number (rf sue- 
ccssive layers — the upper surfocessbowiag the tracks depresed, and the lower 
the tracks in relief Fig. 173 represents a curious example of this nature in 
the cabinet of Amherst College, where tile imprearaons of two track^ by an 
ingenious device of ProC Hitchcock, are shown to be continued through &ve 
ncceasiTe layers — tbe aggregate thickness of which tsflveioobes. 
Fia. 178. 



The Inrds whiiA impressed these trades (on an original muddy or sandy 
shore), were apparently, foe tlie most part, long-legged birds, with but three 
toes on each foot — like tha cranes^ herons, snipes, or ostriches of the present 
day. Some of the impressions ace of such siognlar distinctness that not only 
are the msrics of ereiy claw and joint discernible on tbe atone surftce, but 
even the mioute iiregularities of tbe skin on tbe underside of the foot re- 
main as sharply defined as if the impress had been made upon wax. Hg. 
179 ispremnts a track, showing the joints (or phalanges) of llie toes, and alao 
(he marks of a sliower of rain which fell upon the muddy sorface about the 
time tbe track-making bird passed over it 
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39L n«dE^ which are believed to have been made bj thiitj-one difTereot 
Bfoaea of birds, have thuB ^ been described bj Pror. Hitchcock, trom the 
ahailea and aaudstoDea of the Yaiiej oTlbe Gonaccticut IUv«r. Some ot'tbem 
are very amall, aa If mode b; bM» no la^er thaa spanowa, whilo others ore 
of gigaatia size, aod eqila] the Ibotpmta of the largest quadrupeds. One slab, 
in the cabinet of Amherat College, shows footprints whii± measure eight«ea 
inches from the heel to the end of the middle claw, nearlj tliirteen inches ia 
greatest breadth, and a stride jijg_ j^g_ 

(jadgiog &oai the dialanoe of 
the tracks apart in a stniigbt 
line) of froiQ three to five feet. 

Whan these tracira were first 
diacorered, it was doubted — J 
aapeciallj by reason of the great j 
tize oTsoms of them — whether 
Uier could have b?en imprinted 
by birds; but at the present 
thne, inost geologists and com- 
parative anatomists ar^ eatiret j 
satisSed that tbef were really 
made by the class of jmimals I 
in qoestJOQ. UoreoTer, our 
wonder at the size of the im- i 
preasions has been somewhat ! 
lessened, by the diacovery that 
there existed upon the islands 
of New Zealand, wlthia a com- 
paratively recent period, a race 
of gigantio birds, but little, if 
any, inferior fa aiza to those 

which are believed to have lived in New England during the Oolitio or 
Triassic ages — some bones having been brouglit from New Zealand wluch 
bekmj^ to bhda over eleven feet in height.* 

292. Besides the tracks of birdn, there are also found upon tlie atrata-eur- 
laces of the same formation, impresaioag of the feet of many other animals — 
snch as marsupials, lizards, tortoises, batrachiana (frogs), and animals (hat 
walked upon two l^s and yet dragged a tail behind them ; ti^tber with 
traces or markings apparently made by insects, wonna, and Crustacea — in all, 
eighty-eight different kinds of imprints other than those of the feet of birds. 

Fig. 180 represents tracks found at South Hadloy, Mass., which aro the 

QmanoBs — What o 



• For turUier notlga of tbAM dlmveilM, »« p>ga Bl 
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largMt as yet diBwrered, and are beilerod to hav« been mado by a huge 
fi«g-like animal. Each track is twenty incfaea long, fifteea inches vide, M>d 
txirera upward of a square (bot of Eur&ce. Upon tlie same slab— preaerrEd 
in the cabinet of Amherst College — are alao many other nnaller tndts (tip- 
parently made by birds) croasiDg each otlier and crowded, like imprenioDa 
of feet upon the shores of a maddy pool which ducks and geese hare &«• 
qoentod. 

Fio. 180- 



Trs^^ 




293. Condition of the World during the Oolitic Epoch — 
Bespeoting the condition of the world during the dopositiou af the strata hi- 
duded in the OoUtic or Jurassic syalem, ererything teatiUcjs, as has been 
already intimated, to the uoiTarsal eiisteaco of a genial, if not of a tropical 
dimate. Indeed, according to Pro£ Owen, a close correapondenca may be 
traced between the " land of the OoUte" and the condition of tbiugs nbldi 
now prevails in Australia. Thug, the climate of this great "island continent" 
Is Eemi-lropical ; 'among its pbinta. the tree-ferns, cycadaceo^ and ottier Oolitio 

qttnntKi.— What wag supposed to bs ths condttliia of (bt world during the OoUtla 
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geiiera still have representatires ; many of the fislr and moOasoa which io- 
halnt its waters bekmg to the same ^milies whk^ prevailed in the ocean 
of the Ooiite, and are unlike any which are laiown elsewhere; while its 
largest futHve land animals we of the lowest dass of tnAmim^iift^ ^^ marsu- 
pials (kangaroos, etc). 

Baring ibd Oolitio epooh, it seems certain i^so that a genial temperature 
preyailed in the Arctic regions ; that its lands w&te covered with plants like 
those of tro|»cal countries, and inhabited by lizard-like fisrms and insects ; 
while its rivers, bays, and seas abounded with huge reptiles, fishes, shells, 
orostacea, and corals. These starring condasions are based oa the reports 
of recent explorers, that the rocks of the Arctic z<Hie, in many localities^ are 
full of Oolitic fossils. Thus, Capt M'Clintodc obtained fiom strata^ in " Prince 
Patrick's Land," Ammonites, Belemnites, and bones of reptiles; and anoth^ 
of the expeditions sent out in search of Sir John Franklin brought home^ 
firom the same regions, a part of the skeleton of an Ichthyosaurus. 



CHALK, OR CRETACEOUS SYSTEM. 

294 This system derives its name from the great de- 
posits of white chalk (Lat., creta) which are included in 
it, and constitute its most notable feature. 

The rocks of the system are chalk and other calcareous deposits, sands, 
sandstones, daySy and marls — all of marine origin. Beds of pure chalk are 
confined to the upper portions of the system ; while the low^ are especially 
(but not exdusively) characterized by the presence of beds of sand and of 
sandstones, which have a peculiar greenish appearance. Hence, it is com- 
mon to divide the Cretaceous system into two great groups— the upper being 
termed the " CTioZfc," and the lower tiie " OreensancL'^ 

295. Distribution . — ^The Cretaceous system is finely developed in the 
south of England, where it has been more carefully studied, perhaps, than 
in any other country . The celebrated chalk diflfe of Dover, on the English 
Channel, are examples of its development It spreads over wide areas in 
Franco and Germany, an^ forms a part of tibe great mountain chains of the 
Alps, Pyrenees, and Carpathians. Cretaceous rocks also occur in Lodia, 
South Africa^ and South America. 

Li North America, the Cretaceous system occu^oes a large area of sur&ce. 
Commencing at the islands of Nantucket and Martha's Vineyard (the diffo at 
Gay Head, on the latter island, being probably of this age), it is largely de- 



<2uB8«ionB.~What evidence hare ire that a mild dimate prevailed at this age in the 
preseatArottclatltadesr From what does the Cretaceous system derlre its name f What 
ace the principal oonttitnent rocks of the system ? How is it osoally divided ? What if 
■aid of the distribution of the Cretaceous system in Europe f 
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veloped In New Jtnef; and from tbence it extends contjnuanaly bIod^ ibe 
Atlantic and Gulf Coast — through D^ware, Muyland, yii^inia, the Caro- 
linM, Qeorgia, Alabama, and Tesaa — to Ueiko; "and then covera nearlj 
one-third of the width of ibs contdnent, from near the Oulf of Mexico to 
Britiah Noith America, with occasional inteniiptions." 

The troe ohalk, which occuib bo abandantly in Europe, has not yet been 
fbnud among the Cretaceona rocks of North America, but the pecolinr i;reen- 
sanda ot this Sfst^n are, however, present ia some localities, and may l>e 
seen eap^xnally to advantage in eastern New Jersey. 

Near the souroes of the Bed Rirer thara are immense deposits of gypauni 
(" Plaster of Paris"), whidi are believod to be of the Cretaceoos agev and are 
probably Uia largest in the worUi 

Pig. 181. 



296. Origin of Chalk ^nd Gr eon sand. —'White chalk (weD 
known as a material for maiking) is a eolt, pulverulont carboDute of lime^ 
and cui be converted, like ordinary limestone, by cilcination, into quick- 
lime.* In EuTopst it constitutes a Lirgo part of tlio Cretaceous system; 
and has been traced, ia one direction, &om the nort}i of IreUtnd to South- 

J 

Qdistiobi.— Wh»l In North America ! Ia true dbtlk found In Ihli eountryT What Is 



■Old limegtonea : aa ^* lied Cfialt," a nBtnrol clay contnlnlne a conaldenibla pereentag* 
r oiyd of Iran : " n-iruh CAott." a Tarlety of atMlile, or •Dapdom : and " Anam 
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em EnsBia— a distance of aboat 1,200 miles; and, in another direction, 
from the south of Sweden to the soatheast of France--a distance of about 
900 miles; and there are ezteosiye districts in both Prance and England 
where its average thidmess is not less than a thousand feet All geologists 
are agreed that this immense deposit of this singular variety of limestone was 
formed at the bottom of an ocean *^ of a very considerable depth, and of such 
extent that it must have covered, for many ages, the greater part of what is 
now Central and Southern Europe;" but concerning the exact manner of 
its production there is considerable' doubt ''The only analogous product of 
the present day occurs on a comparatively small scale among the coral reefs 
and islands of the Pacific, where there is constantly forming an unpalpable 
white mud, derived from the coral, which, in dried specimens, cannot be dis- 
tinguished, by the unassisted eye, fh>m masses of soft chalk." True chalky 
however, diifers widely from its modem representative, inasmuch as it is 
composed, to the extent of about one half of its entire bulk, of the shells of 
microscopic animalcules, so extremely minute, that every cubic indi of chaDc 
has been estimated to contain the remains of over a million different organs 
isms. "If otir eyes could be suddenly endowed with a high microscopic 
power," says Hugh Miller, "the white line which we draw vrith chalk along 
a board would resemble a part of a wall of a grotto, covered over with shells." 
Pig. 181 represents an appearance of chalk, as viewed under a microscope. 

The Grecnsandi which gives name to the lowest group of the. Creta- 
ceous system, consists of small, round granules, of a greenish color, which 
are commonly intermixed with variable proportions of day and siliceous 
sand. These granules are mainly composed of silica and iron (forming a 
silicate of iron) and potash ; and owing especially to the presence of the 
latter ingredient, they possess valuable fertilizing properties.* In New 
Jersey, where the greensand beds have an aggregate thickness of about 100 
feet, it is dug (under the name of marl) fh>m pits during the winter season, 
and spread upon the fields, preparatory to being plowed in. Twenty loads 
to the acre are said to produce more valuable results than 200 loads of good 
stable manure ; the effect being experienced with the first crop, and continu- 
ing for several years afterwards. 

The origin of these greensand grains was for a long time a matter of 
doubt- among geologists, but within a comparatively recent period micro- 
scopic investigations have shown that t^^ey are, in many instances, the casts 
(models) of microscopic shells of the order Poraminifora,f and of some other 

Questions. — Is there any substance analogous to chalk now forming ? In -what respect 
does chalk differ from any similar modern products ? What is the so-called '* green- 
sand V* What is said of its yalue as a fertilizing agent f 



* The average composition of the greensands of New Jersey is as follows : Silica, fony- 
seven to fifty-one per cent ; protoxyd of iron, twenty to twenty-four ; alumina, six to 
nine ; potash ten to twelve. In addition, the greensand strata always abound in organie 
remains — shells, Aragments of bones, etc — ^which, by their decomposition, become valu- 
able iiartilising auxiliaries. 

t The Foraminiiiera are an order of animals of low organization, belonging to the dasf 
Protozoa— Bee $ 20Q, page 190 ; and $ CS, page 58. 
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Kpuiic bodieo. " Tti« sbclla thamselTea have dia^ipeued ; bat the niUnwl 
fblTQ of their c&ritiea baa been retained bj a silicate oT iron, which tocdi tiia 
place of Ibe animal bodies, as Uiese decajrsd, and retaioed ttiair dupeo. So 
perfectlj baa tbia been doae^ tbat eveo the vwj Qoest canals of the cell- 
walls, and all their connectiiig tubes, are tbua petiifled and aepuatel; ez- 
bibited." Recent aouadiugs bj Uie United States Coast Sarrej bav^ moie- 
over, brought up from the depths of the ooean — in tbe Golf 8ti«aiB and the 
Ciuir of Mexico— not onl/ graius of gceeosaud, having Ute Ibtm t£ vell-de- 
lioi'd casts of tbraminiiera and miniit« molluscs, but abo p»&cttf preeerred 
shells [^tbe same specdes of ammals — thus showing that the produotioa of 
greengfiDd is sUll going on, in some seas, bj tbe same agencies wbidi }ho- 
dnced it in ancient geolo^cal periods. 

Fie. isa. 



FllntSi — A. remarkable feature of tlio chalk beda of Europe is the oocnr- 
rence in them of nodular masses of naarl; pure Sint (silica), of very insular 
and ollen fentastio forms, and of variable magcitude. These are generallj 
deepoaited in horizontal layers (see Fig. 182), and, although vei; Qunieroa% 
are rarely in contact with each other — each bdog completelj enveloped bj 
the clialk.* Tbe explaoation given concerning tbe ibnoation of these tinga' 
lar maase^ is, that the/ were produced by a cbemical aggr^atioo of partldes 
of olica, originallj held in eolution in tho mass of tbe chalk. But wlience 
the orig^ of this ^ica in tl>e midst of a eubstaoce so different &om it ta 
chalk? Ebreuberg, the eminent microscoplat, has suggested that U was de- 
rived from the siliceouB coverings of microscopic animals ; aod, in conflnna- 
tion of his views, he states, that while chalk with flints obouniis in the north 
of Europe, and without fliats in the south, ailicious animaJculea are wanting 
in the northern chalk, and are present ia great qoantities in tho southern ; 

I ortginf Wli»t la uld reipeotlng lliB ocenr- 
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tins iMidh]^ to the condnaion, that in the aae case the ailiciotii akeletoaa 
have been left in their natuml fbrm, while in the other they hava been dia> 
Bolved ohemioally, and aggt^Ated upon Ifae prindpla of chanloal ftfflnlt; Into 
nodules of fiinl But whatever maj have been the eourae of the ailics of the 
ubaDc Sinta, it appeara, in almost everj instance, to have concentrated tipon 
some organic ai^iatanoe in the aadent ocean; and, consequentlj, nben a 
flint nodnle ia now broken open, it is (bnnd to inclose the remains of sponges, 
edjinoderms, corals, aod other marine organisms, which are often in the 
most perfect state of preservation. 

297. LifB or the CrctsGconi Epoish.— The organic re- 
maine fonnd in the rocka of the CretaceonH Bystem are 
eminently marine ; comprising numerous microscopic or- 
gamsms, fucoids (Bea-weeds), sponges, corals, star-fisnes, 
moUoflcs, Crustacea, ftshes, and reptiles. 

FlO. 183. 



If we compare, howerer, the foaalH of Ibe upper Cretaceous stnta witli 
those foond in the Oolitic rocks below, a complete chaogo of species will be 
noticed. There were ammonites, and bclamnitea, ood macj other shells 
with common generic names in both eras, but the cretaceous species are 
obvioualy different from those of tbe Oolite. And so with theradiata, and tho 
fisb, and the reptiles, and all other classes and orders of animals and plaota) 
as &r as th^r remans have as jet been described. 

E^gB. 183 and 181 represent two of the characteristio shells of the OreCa- 
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ODOQS system — Fig. 1B3 being a tnrrHile, which may be described as sn am> 
monite twisted in a Bpirel instead ofadiac-lilceibnQi ukdFig. 184, ascopAifa, 
In which the coila of the aomion^te arc partially unrolled aod then turoed ap 
at the end, bo as to give the shell a boat-like form. 

293. Fishes. — The remiuns of not less than serentj-eight genera of 
fishes have beea obtained from the Cretaceous system. The majority of 
those are of the old ordera of placoids and ganoids, but duriug this era the 
ctendd and cycloid orders (to which most existing fishes belong) were also 
ushered ii^ oiisteDce — tbeir remains being Ibund, for tbo first tim^ in 
Cretaceoos strata. And from ttiis epoch onward, tbs orders of placoid and 
ganoid Qsbes gradually diminish and ^e oat, while the ctonoida and cycloids 
rapidly develop, until, at preaent, they seem to have reached their culminating 
poin^ and many times exceed in number and importance all other fishes.* 

Fio. 185. 



299. fiepliloi. — The reptiles, so numerous in the two preceding era^ 
appear to hare greatly diminished in numbers during the Crataeeoofl epoch, 
^e ichthyosaurus and the plesioaaiurus continued to oxjst^ but their rule 
over Uie ocean was shared by a new gigantic IjjiardJilte reptile — the Moo- 
tatints. This animal was about twenty-five feet In length, and had probably 
paddles instead of legs, and a tail suited to assist it powerfully in swimming. 
A perfect Bpedmeu of its head, which was found embedded in lunestono, at . 

□g tbafiibsor Ihiseiwchi Wlul la tidd of tlu 



KIDS lad llie gu-plkea {at onr Tulsm tlren) ira tba 
ia fftDoid order of flah«a i wdA tba ikatei, dog-fish, Kid 
tfaer are but the Innnsldentile tngmsnta of dyDutlM 
ev«i7 sea. And predomlniLted dartog tba anrKkaiiad 
e> or tbe Lon-er DevonUo snEU Diou of Iha Clulk." 
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Mssstriidit, Belgium (seo Fig. 185), measured four and a half feet long, b^ 
two and a half broad.* Ita teeth are found in the Cretaceous deposits of this 
country also. 

In 1858, there was also found in the greensands of Camden County, New 
Jersey, the remains of a'hug^ saurian reptQe — ^the Hadrosaurus — which was 
closely allied to the iguanodon, and is proved, by the structure of its teeth, 
to have been herbivorous (plant-eating). The length of the Hadrosaurus is 
estimated, by Prof Leidy, to have been about twenty-five feet ; but a better 
idea of its enormous size may be gained from the statement, that its thigh 
bone is nearly one-third longer than that of the mastodon. Its hind leg bones, 
when put together, measure seven feet, upon which the pelvis, back-bone, 
and upper skin would still go on, making it nine or ten feet high upon the 
haunches. The animal was probably amphibious. Its bones can be seen 
at the Academy of Natural Sciences in Philadelphia. • 

The remains of crocodiles and turtles are also common in the rocks of the 
Cretaceous system. Fig. 186 repi'esents a specimen of fossil tortoise, from 
the chalk of England. 

300. Concerning the land which skirted the ocean of the Chalk epoch, or 
of its' productions, we know almost nothing. The general indications are, 
that the climate was genial, and &vorable to the production of cycadaceso, 
palms, and coniferous plants, on land, and of corals, gigantic reptiles, and 
turtles, in the waters. In the Cretaceous deposits of this country, frag- 
ments of fossil wood and leaves are by no means uncommon, and the micro- 
scopic structure of wood from the greensands of New Jersey does not diflfer 
materially from that of the pine trees which now grow in the same locality. 

QuxsnoKB. — What were the most remarkable Cretaceous reptiles? Have any gigantic 
Cretaeeons reptiles been found in the United States? What is known respecting the 
dry land of the Chalk epoch? 



* The history of Uiis remarkable fossil may be said to form a part of the romance of 
geological history, and is related by Mr. Mwtell, as follows : In 1770, the workmen em- 
ployed in blasting limestone from some celebrated quarries at Msestricht, in the Kingdom 
of Belgium, perceived, to their astonishment, the Jaws of an enormous animal attached 
to the roof of a cavern which they had excavated. The discovery was immediately made 
known to M. Hoffinan, a naturalist of the town, who repaired to the spot, and for weeks 
predded over the arduous task of separating from the rock the mass of stone containing 
the f emains. His labors were at length repaid by the successful extracticm of the speci- 
men, which he conveyed in triumph to his honse. Unfortunately the Dean of the Cathe- 
dral claimed the fossil in right of being lord of the manor, and succeeded, by a law suit, 
in obtaining the precious relic. It remained in hia possession for many years, and Hit- 
man died without regaining his treasure, or receiving any compensation. The French 
revolution broke out, and the armies of the R^ublic advanced to the gates of Mas- 
tricht ; the town was bombarded, but by desire of a committee of scientific men, who ac- 
companied the French troops, the artillery was not allowed to play on that part of the 
city in wMch the celebrated fossil was known to be contained. In the meanwhile, the 
ecclesiastic, shrewdly suspecting why such peculiar &vor was shown to his re^ence, 
concealed the specimen in a secret vault ; but when the city was taken the French an- 
' thorities compelled him to give up his ill-gotten prize, which was immediately trans- 
mitted to the Jardtn des JPianUs, at Paris, where it now forms one of the most striking 
ol^ects in that magnificent collection. 
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In llu Ctetaoeoaa atnU of Eonqie^ the bones of Pt«rodact]des and of bus 
iHTds baTO been found, and also cectuu remaioM wbich are Bormi^ad to b$ 
those of monlcoja. 

Fin. 186. 



301. Close of the Ueaosatc Period^Wilh the dosoof the Cre- 
taceous system the Meaozoic period of gsQlogicol histor; teraunates, and A 
new order of things begiiis. So abrupt, indeed, is tbe break at this point of 
tbe geok^cal series, that of all the numerous forms of Ufa found in tlie Tri- 
•aaii\ the Oolite, and Gretaceooa Eystems, hardly a single species crosses tbe 
gap, and is foond in the strata of the succeeding (Tertiai7) system — the ex- 
ceptions, it is a£Qrmed, being one shell, one coral, and certain microscopic 
oijanisms or inliiaoiia. Of these lost, flftj-sevea epecaes ocourring in tbe 
chalk, ar^ according to Ehrenberg, still found livii^ in diffMent parts of tba 
earth, and hare been apparently preserved from Uie destruction which bta 
orertalcen other races, by the very humility of their oi^^ization and position. 

The characteristic featurea of tbe Mesozolc period 
were — 

1. The ahsenco of mammiferous animals from the earth, 
with the exception of a few genera of small size, belonging 
to the humble class of marsapalia. The remains of Meso- 
zoic reptiles have been often mistaken for those of Cetacea 
(whales, seals, jiorpoises, etc.), but it is now generally held 
that none even of this class of marine i^mmals were 
called into existence until the dawn *of the subsequent 
period : — 
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2. An immense development of reptiles, ^hich. tenanted 
•the land and sea in such numbers, that the Mesozoic period 
is often spoken of as the "reign'' or "dynasty'' of reptiles : — 

3. During the Mesozoic period the placoids and the 
ganoids cease to be the sole representatiye orders of fishes ; 
^nd two new orders — the ctenoids and the cycloids, to 
which the majority of our present fishes belong-were 
called into existence : — 

4. The beautiful group of chambered shells, known as 
the ammonites, and the curious family of the belemnites, 
belong exclusively to this period ; while the other prevail- 
ing forms of invertebrate life— the coral animals, the cri- 
noids, Crustacea, etc. — were characteristically different from 
the Palaeozoic species. 

302. The action of i^eoua forces during the Mesozoic period was frequent 
and poworful, and was especially manifested in the eruption of many of the 
great masses and ranges of trap rock of this country and of Europe ; the 
molten matter haying risen along extensive lines in the earth's crust, and 
overflowed and accumulated upon its sur&oe. Sudi an example of a Un^ 
of eruption, in this coimtry, is afiEbrded by the belt or range of trap Tocka 
which runs along the Valley of the Connecticut River— entirely across tfa9 
States of Massachusetts and Connecticut-<^and which has Mounts "Holy- 
oke" and "Tom," and "East" and "West" Eocks at New Haven, as its 
most conspicuous elevations. This eruption of trap is known to have 
taken place during the depo^tion of those sandstones of the Connecticut 
Yall^ which affi>rd the remarkable fossil foot-prints; since the strata of the 
sand^cmes have, in some instances, been penetrated and overflowed By 
the trap, and in others have been deposited upon the igneous rock sub- 
sequent to its consdidation ; and as these sandstones are, undoubtedly, of 
Oolitk: or Tfiassic age, we have the geological date of the formation of this 
trap range and of the above-menti(»ied mountains, determined with com- 
parative certainty. The trap range, which occupies a portion of the South- 
em Yalley of the Hudson, and appears conspicuously in the bold bluff of the 
"PaHsades," was also probably erupted at the same epoch. In Europe, 
Meeozoio traps are abundant* and, at about the dose of the.Cretaceoua epoch, 
immense quantities of basalt were poured out, covering a great part of the 
North of Ireland, and forming^ the well-known " Giant's Causeway." (See 
§ 103.) 

Concerning the attendant phenomena of these great eruptions, and the 
changes which they must have produoed in the topography, climate, and 
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QunxxcarB.-'Wliat irer^ t^o eharaetertetie flsatarei of ihe MmosoIo period ? WlMit is 
Mid of tho metioa of igneous foroee dozing thie Meeoaoic period t 
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• 
organic life of the oonntries affected by them, we can probably form bat 
little idea. The mightiest yolcanic eruptions of the historical period are our. 
only materials for comparison, and it would seem as if those portions of the 
earth, through which the molten trappean rock — ^now hardened into moun- 
tains — rushed in. floods to the sor&ce, must have been, for the time being, 
UteraUy ** lands of fire." 



CAmOZOIC PERIOD. 

303. The Camozoic, or Recent Life Period, includes the 
Tertiary system, and all the geological formations of sub- 
sequent date, up to the present epoch. 

TERTIARY SYSTEM. 

304 The earlier geologists divided the/stratifled crust of the earth into 
three great formations, viz., the Primary (first), Secondary (second), and Ter- 
tiary (third) ; and regarded as Tertiary all that occurs above the chalk. The 
t«rm thus originating, is still retained, but the progress of discovery has ren- 
dered it necessary to resect and modify its meaning; and it is now usual 
witli most geologists to consider as Tertiary all those formations which occur 
above the Cretaceous system, till the dose of the so-called Drift deposits; and 
as " Post- Tertiary or ^^HecerUf" every accumulation which appears to have 
been fcnrmed since the Drift epoch.* 

305. Divisions of the Tertiary Sy8tem« — ^As ha^ been already 
stated, it is generally beUeved by geologists that the species of animals and 
plants inhabiting the earth during the Mesozoic period, with very few ex- 
ceptions, passed out ot existence before the commencement of tiie epoch 
represented by the Tertiary system. We accordingly find, in examining 
Tertiary strata, that the fossils contained in them are not onlyliew, but of 
Cainozoic type^ by which expression, we are to understand, that they aio all 
more or less allied to, or even identical with, existing genera. In the oldest 
Tertiary deposits, or those which lie immediately above the Cretaceous sys- 
tem, there are, probably, no fossils which are exactly the same as any living 
species; but as we ascend in the series we find, first one shell, and then 
another, which seems actually of the same species as those which still live ; 

Qnxsnox. — What geological formations are incladed in the Cainozoic periods? What 
iras the origin of the term Tertiarj? Wliat are the generally recognized limits of the 
Tertiary system ? 

* Some ge<d<^;ists do not indade the '* Drift** in the Tertiary system ; irhlle others in- 
clude not only the drift hat every otiiier aocnmnlatloii Ibnned mhseqnent to the drift np 
to the present period. 
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• 

until, finally, in the later deposits of the system, the remains of species of 
shells still Hying gready predominate, and the presence of absolutely extinct 
species becomes the exception.* 

306. la view of these facts, and taking the percentage 
of living species of shells found fossil in different parts 
of the system as their guide, geologists have divided the 
Tertiary strata into four groups ; which, commencing 
with the oldest and ascending in the series, have been 
designated as follows : 1. Eocene ; 2. Miocene ; 3. Plio- 
cene ; 4 Pleistocene. 

Each of these names, by its signification, is intended to express the paleon- 
tological character.of the group to which it applied. Thus — 

Eocene (Gr., rywf, dawn ; and Kaivog^ recent) implies the davjUt or ctwi- 
mencemcTU of existing things — about five per cent, of the shells found in the 
strata of this group being identical with living specles.f 

MioceTie (Gr., iieiuv^ less) implies that the proportion of living species is 
still less than that of the extinct — ^about twenty-five per cent, of the shells 
found fosffll in tkis group being identical with living species. 

QuESTiosrs.— Where, in the geological series, do -we first find fossils which are regarded 
as identical with living species ? In what manner have the strata of the Tertiary ^rstmn 
been divided f What is the signification of the names applied to groups of the Tertiary f 



* ** Whoever examines a musenm containing a pretty complete collection of organic re- 
mains, arranged in chronological order, cannot fail of being struck with the following 
facts : When looking over the Palseozoic fossils, the forms will all appear so strange 
to him, that he will hardly he able to pronounce to which class of the animal king- 
dom some of them belong; Even where the class is evident, as for instanoe with 
the shells, he will see -that they obviously differ from existing shells. There are no 
oysters, or barnacles, or cockles, or limpets among them. The more familiar the observer 
may be with our present kinds, the more strange the ancient specimens will appear. 
When he proceeds to the shells of the Mesozoio period they will seem much more familiar 
to him. He wiU say of one, perhaps, * This is like an oyster,* ot *■ a Venus (clam) ;* or, of 
another, * This resembles a trochus ;* still, if he be well acquainted with recent shells, 
he will not be able to discover a single specimen to which he can assign not only a 
generic but a sp^dfio name. He will not be able to say, * This is such and such a Venus, 
or trochus, of the same species as one that I have in my cabinet of recent shells at home.* 
When, however, he c<»ne8 to the fossils got from tertiary rocks, it is no longer the differ- 
ence between the fossil and the living forms that will s^ike him, but their resemblanee, 
and, in some cases, their identity. The curious, old puzzling forms have all disappeared ; 
almost every species belongs to a still existing genus, or is very closely allied to it; 
oysters and barnacles, cockles, limpets, and numerous other kinds now appear in great 
abundance, and in many varieties. We have, therefore, in these fticts, most obvious 
expression of a great law, that, namely, of the gradual approximation to existing forms, 
and the gradual appearance of existing species. The first may be traced throughout the 
series of life, from the earliest- to the latest times ; the last, which is its necessary con- 
clusion, is only apparent in the Tertiary epoch.** — London Quarterly Review, 

t Some emhient naturalists, among whom we may include Professor Agassiz, are of 
the opinion that while fosdl and living species are often dosely related, and apparentiy 
the same, yet we cannot in any case prove complete Identi^. 
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FKoeme (Gr., vXeutv, more) ImpHes that the propoiiioii of liyin*; speoMS 
is more or greater than that of extinct — the nno^Mr of living fimns among 
the foesil shells of this g^up ranging from fifty to seyenty per cent 

Pleistocene (Gr., irXeiarocj most) implies a majority; and in this group the 
shells found fi>ssil are mostly those of species inhabiting the present seas. 

307. Eoeeoe, Hioeene, and Plioeene Groups.— These 
three groups (which, according to the classification adopted 
by some geologists, are made to comprise the whole of the 
Tertiary system) resemble one another so closely in their 
lithological characters that it is almost impossible to draw 
any distinct line of separation between them, or to identify 
them, except by a comparison of their inclosed fossils with 
living species. "They should, in fact, be regarded as 
the successive steps or stages of one great and undisturbed 
formation," 

Composition t— The deposits referable to these groups, are, on the 
whole^ much less consolidated than the strata of the older syistems ; and 
consist for ihs most pcari, of variously col<»ed sands and days, with inter- 
8ti«tified limestones, gypsum^ ailicecma sandstones, marls, sud, not unfrc> 
qnently, beds of lignite. 

308. Geographical Distribution.— As far as disoovery has gone, 
there are few countries in which Eocene, Miocene, or Pliocene Tertiary strata 
have not been detected. In Europe and Apift they occupy well-defined 




1. RlTer Thames. 



2. London. 



8. Marine Sands. 



tracts or basins, and appear to have been deposited in inland seas or estua- 
ries of limited extent In some instances the strata are strictly marine, and 
in oilers as decidedly fresh water ; while in many of the Tertiary basins of 
Eurc^ they are partly fresh water and partly marine, ^^ as if there had been 
frequent submergences and elevations, or, at all events, periods when fresh 
water inundations prevailed over the areas of deposit" The cities of London, 



QuwTRma.— What is aaid of the U&oli^loal eharaoler ot the Boeene, Mieoene, and 
PUooene TertiarieBf What of their oompoaltioa f What of their geographical ditkriba- 
tlonintheOldWoild! 



'» 
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Paris, and Tlenna are each situated upon a Tertiary basin. Fig. 187 repre- 
gems a section of the London basin, which lies in a trough or hollow of ^e 
Cretaceous system. 

In North America, Tertiary deposits of the groapa of the Eooene, Miocene, 
or Pliocene occur along the Atlantic coast, fix>m Massachusetts to Mezioo, 
and include the whole of Florida and large areas of the States of Alabama, 
Misfflssippi,* Louisiana, Texas, and Arisansas. They are also fbnnd jxpoa the 
Pacific coast, from Lower California to Russian America; and in the interior 
of the Continent, upon the eastern slope of the Bocky Mountains, in the 
region of the head-waters of the Missouri — Kansas and Nebraska — they 
coyer an immense extent of sur&ce. Upon the Atlantic coast, south o( 
Delaware, the western limit of these Tertiary deposits is at the first or lowest 
falls of the principal rivers, and is generally marked by the long-leaved piae 
(PiniLs pdlusirisjf whose distance from the ^ore is said to be limited by these 
formations. 

309. Life of the Epochs represented by the Eoceney 
Miocene, and Pliocene Tertiaries* 

Plants. — ^The vegetation of the earth during the earl^ ages of the 
Tertiary must have presented an aspect widely difEarent fh)m that of any 
former era. The tree-ferns, the cycadaoese, and the allied platits, so abundant 
in the Mesozoic period, sink into their present proportions; while true exo- 
genous trees and shrubs, which had previously few or no representatives in 
nature, became largely developed. 

During the epoch of the Eocene the vegetation appears to have been of a 
tropical or semi-tropical character, and belonged, for the most part, to speciea 
which are now extinct In the latitude of London there were, undoubtedly, 
forests of palms; inasmuch as from the strata of Eocene clays, \xpoa which 
the dty of London is built, the fimits of no less than tiiirteen different speciea 
of this family are obtainable. 

In the Middle or Miocene Tertiary the fossil vegetation partakes^ perhaps, 
in a nearly equal degree, of a temperate and tropical diaracter but as we 
rise in the series the temperate forms predominate; and in the Pliooene 
strata the vegetation closely resembles that which is now found in the 
temperate regions of North America, Europe, and Japan. In the United 
States, however, a large number of fruits and seeds of appomni^j trcqncsl 
character have been obtuned from a deposit of lignite of Upper Tertiary ag«^ 
occurring as &r north as Brandon, in the State of Vermont.* 

Quxaxi«N8.~Wliat of their dialrihiition in North Amerioaf What to ndd of the rege- 
tationof the earth dvring the earlier ftfM of the Terttorj? What to known of the vege- 
tation of the Eooene Qpoehr What of the Miocene and Pliooene epochs? le there any 
evidence of the formtf exiettfiee of a tropical vegetation in New Eng^d ? 



* 8e fttr as we can Judge, says Hugh Miller, nei&er flodc nor herd oonld have fonnd 
support on the greenest and richest plains of the lands of the Carboniferons epoch or of 
tte Oolite ; and it to not until we enter on the Tertiary ages that we And floras amid 
wiiSdi a aoaa might have pn^tably UlxNred as a dresser of gardens, a tiller of fields, or a 
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310. Amber . — One of the most curious products of the Tertiary system is 
the substance termed amber; which is now known to be the fossil resin of 
an extinct species of pine. It is usually found in beds of tertiary clay^ and ^ 
sands, and is often a^pociated with the wood of the trees from which it was 
exuded — ^the wood being in a state of lignite, and sometimes having the 
amber adherent to it The most abundant source of supply of amber is a 
Tertiary formation on the Prussian coast of the Baltic Sea, where the amber is 
obtained by digging and mining, and is also found in detached masses upon 
the sea shore, where it is washed up by the waves from Tertiary strata be- 
neath the ocean. As much as 800 pounds have been thus thrown up on 
the Baltic coast during a single storm. Amber also occurs in the Tertiary 
clays of Great Britain, and fine specimens are not unfrequently found while 
excavating beneath the city of London. In the United States it has been 
found at various locatities (though not in large quantities) ; as at Amboy, 
New Jersey; Gay Head, on Martha's Yineyard; and at Cape Sable, in 
Maryland. The largest specimen of amber known weighs eighteen pounds, 
and is preserved in the Boyal Museum of Berlin.')' 

But apart from the circumstances of its origin and occurrence, ^mber has, 
for the geologist, a peculiar interest, inasmuch as it forms tho best of all 
materials for the preservation of the most delicate organisms of the Tertiary 
ages. Mosses, fungi, and liverworts are plants of so delicate a structure 
that they are rarely or never preserved in shale or stone ; but 'specimens of 
an three have been found locked up in amber, in a state of the most perfect 
keeping. And, besides containing fragments of the pine which produced it, 
amber has been found to contain minute pieces of four other species of pine, 
with bits of cypresses, oaks, poplars, beeches, etc., in all forty-eight different 
species of shrubs and trees, which must liave flourished in the forests where 
it was exuded, and which, " viewed in a group, may be regarded as con- 
stitutmg," says Prof Goeppert, "a flora of North American character." 

The most remarkable organisms of amber are, however, its fossil insects, 
which, originally enveloped in thfe resin as it flowed in a liquid state from the 
tree, have been preserved in a condition of perfect entireness. In the amber of 
Prussia alone, upward of 800 different kinds of insects have been determined, 

QuBSTiOKB. — ^Wh&t curiouB product is found in the Tertiary system? What is amher? 
Under frhat circumstanceB, and where is it found? What circumstances render amber 
particularly interesting to geologists ? What is said of the organisms inclosed in it ? 

-V^^^Ml^BB^.— 1^ ■ ■ ■■■■■■!■ I ■ ■ ■ Bl ^ ^— ^^^MW 

keeper of flocks or herds. Furthermore, there are whole orders and families of plants 
of the very first importance to man, which do not appear until late in even the Tertiary 
system. According to Agassiz, the order of Rosaceffi — an order to which the apple, tho 
pear, tlie peach, the raspberry, the strawberry, the almond, and most cultivated fruits 
belong, together with all the species of roses—was intooduced only a short time previous 
to the appearance of man upon the earth. ** And the true grasses— a still more import- 
ant order, which, as the cereal plants of the agriculturist, feed at the presMit time at 
least two thirds of the human species, and in other humbler varieties form the staple 
food of the grazing animals— scarce i^pear in the fossil state at aU. They aae peraliarly 
plants of the human period.** 

* The value of amber depends much upon the size and purity of the specimen. Pieces 
of ten or twelve pounds weight command several thousands of dollars ; while a piece of 
a pound weight may not sell for more than fifty dollars. 
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moat of them belonging to, epeeies and eren genera, that appear to bo dis- 
tinct from any now known ; while of the others, some are nearly related to 
Enropean species, and some eeem identical with living forms that inhabit 
. the tropica. Among these insects, the first fbssil bee is (bund, associated 
with moths and batteiflks ; a tact which proTes the contemporary existence 
of flower-bearing herbs and trees. 

311. Animali, — The fossil invertebrate ammals of the 
Eocene, Miocene, and Pliocene groups — iufasoria, corals, 
star-fishes, molluscs, Crustacea, insects, etc. — are extremely 
abimdaut, both numerically and in point of species. 

Id this coantry, deposits, composed almost mitirely of tlie siliceoiis cover- 
ings of infuaorial organisms, constitute no inconaiderable part of the Eocene 
and Hiocene Tertiary strata of Maryland and Yirginia— aoioe of the beds of 
infiisoiial earth near Richmond, Ya., heing from twenty to fifty fbet in thick- 
ness. (See § 68, Kg- 21-) 

In the Old World the most important member of the Tertiary system is a 
formation of limestone^ of the group of the Kocene, whitA is fjmoat whoEy 
made up of a daas of foBsil fontmioi- 

ferons shells, of the siie and appear. "•*■ ^^S- 

anoe of a miall ooin; and h« 
terawd umnmulitee, ftom Latin, n 
mm, a coin (see Fig. 188). In the 
Alps of Switzerland this nmnmulilic 
limestone attains a thickness of several 
thousand feet, and ihim thence il 
maj be traced at intervals through- 
out Southern Europe, and Northern 
Aitica into Asia, as &r as the Hima- 
laya HouDtaio!^ where extensive beds of it have been recognized at an ele- 
vation of 16,500 feet above the level of the sea. It was also Lirgely quarried 
in Egypt for tJia construction of the Pyramids and the Sphinx, and the cari- 
ous organisms Ibat compose tt have received fbDm the Arabs the name of 
" Pharaoh's beans."* 

QsiRioiiB.— Wbib II uld of Uio fosiil invertebrBte snlnuli round In tbs Eoans, 



t Important of lti« TerCluy deposlU of tbe Old World ? Wlut ii 
lofthennmin 



■ Tb« DM of this Ilmestoiw in tba wnitriiotiaii of On PTrmmida iaiiutrst&i ths f»t, 
bat "Umeof the oldait thing! la lbs world, in their reUdon to huoun history— ereo- 
lom, 111K17 of Tblch bad ■nrrirad Uie memorfot Uiatr foonders, eien inllieasyiof 
lerodotai — *n farmAd of mBterlela n modam la tbelr reUUon to th« geoloeical rpochg, 
bat Ihij bkd no adatenoa M rock gnlil aftar (ha Pdnon^ and Xauiolo ages had gone 
7." Not OBly Iha " Qalney gnaitai" and " Beifcihlre marbles" of Neir England, bnt 
Tsn tha rsd and ball aandstouet so silsnaively qoanlsd la tbe Tallav of ths Connsetlcut 
Uvsr, in Ka« Janar, and Nora SooUa, an of an anUqnltr inolcillibl; vait eompared 
rllh UiaBtaDaoataf irUolittiooldastofUiePTnmldsinisballt 
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Another peculiar fonzu^oa of the European Eocene is the so-called *^ m- 
diuial liTnestonej" a name given to a series of fresh water strata found in Cen- 
tral France, which are ahnost wholly composed of the cases, or ^^ indusise," 
of the caddis-worms (the larvae of a species of flj). Great heaps of these cases 
have been incrusted with carbonate of lime, and haTs^ thus consolidated into 
a species of limestone. 

In the Eocene deposits of the United States, east of the Mississippi, only 
marine foasls have been found ; but some idea- of iheit atnuidance may be 
derived from the £M3t, that a ibrmatton of the older Eoo^ie, occurring at 
Clairbome, Alabama, has alone yielded more than 40O distinct species of 
marine shells, echinoderm^ and fishes. Upon the Ashley and Cooper Bivers, 
near Charleston, S. C, beds of Eocene clays are also exposed in many locali- 
ties, which «re so crowded with marine foesiis thait A^)Qr8on seeing them for 
the first tme can hardly find words to express his amaannent at their numr 
b^ and perfect preservaticm* The majc«tty of these foaeila, however, belong 
to extinct ^)edes. 

The Miocene beds of the Southern Atlantic States .ha;ve thus fiir fiimi^ed 
About 200 q>edes of marine fossils; uid of t^ete, about twenty per cent of 
the shdls and corals are r^azded as identical with living species. 

It has, however, been remarked, that <^ all the numerous oiganic remains 
contamed in the Eocene and Miocene d^^KMits of ib)& Atlantic States, only 
two or three speoies in a hundred are common to both groups— a &ct wiudi 
indicates th&t a considerable period of time elapsed between the cam;detio& 
of the one and the commencement of tiie other, during which ao strata were 
deposited in this regicm. 

312. Fishes • — ^The number of fossil fishes found in the Eocene, Miocene, 
and PUocene groups is very large — 188 genera, embracing several hundred 
q>eoies, having been described. 

One of the most celebrated localities of fossil fish known, occurs in a deposit 
of Eocene limestone at Mt. Bolca, in Northern Italy. Here, within a limited 
area^ the rock contains thousands upon thousands of ^ecimens in a most re- 
markable state of preservation. The fish are all compressed flat, but the 
scales, bones, and fins remain ; their color (a deep brown) contrasting ad- 
mirably with the light-colored limestone in which they are embedded. The 
presence of such immense numbers in one locality is explained on the sup- 
position that the limestone in which they are inclosed was^erupted into the 
ocean in a state of mud, by volcanic agency, and that the fishes were at once 
suffocated, and surrounded by the calcareous mass. Some idea of the per- 
fection of these fossils may be formed firom Fig. 189, which represents a 
iq>ecimen from Ihis locality. 

QmsisoirB.— What is the ^^indusial** limestone? What is said of tiie Eocene fossihi 
of the United States ? What of Miocene f Is it probable that any great intenral of time 
elapsed between the deposition of these two groups of strata ? What is said of the fossil 
fish of the Tertiary system ? What locality is particolariy cekbratsd for these foteOs f 
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FlO. 189. 



Fig. 190 repreBenta a dab oT Tettiaiy marl, rrom Caotral Vrsaoo, wliieh 
contains a multitude of small flaties, as perfect as if recently enveloped in 
aoAmud. 

Fio. 190. 



Tbe Sqnalidn, or Shark fiunily, have had repreaentstive ipedes in tba 
oceans irf' ereiy geok^cal epoch since the first creaUoD of fiBhea; but in the 
seas of the Eooeoe and Ukicene this bmily appears to have flourisbed in 
great niunbers; and, in the Eooene end Hioomie strata, along the AUantio 
coast of the TJnit«d States, the teeth of sharks are among the moat common 
of marioe fossils. Some of these teeth are of immense Biie, and must have 

QmsitOH.— Wlut clHi at flshn were eipeciiUy nnnunnti la tba mm ol tb« Eonu* 
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belonsed to shaAs mach larger than any liring apedM. One cf the largert 
sharks of the present ooean (Chiily-BeTea &at loog^ described bj ProE Owen, 
had teeth two inchea long, and nearly two bnutd; but fossil sbarka' teeth 
have been fband in the Atlantio Tertiarieg whidi measure fire to six inches 
in height by five incbee in width, at the base. "U," saysFioC Owen, "the 
pnporikm of tiieee extinct shariia corresponded with thoae of existitig q)eciet^ 
tbey mnst have equaled the great whales Id size (<. a, 100 feet in length); 
and cmnbining, with the oiganizatioo cf the shark, its bold and insatiable 
character, (hey most have constituted the most terriflo and Itre^tible c^ the 
piedaceooB monsters of the deep." 

FlO. -191. 



Fig. 191 represeots Bpeclmcna of tliese fossil teeth of sharks. In mosi 
cases their structure, and the serrtttures along their edges, are as perfect ai 
are the teeth of exiatiog sharks.* 

QDEffnorr. — what It BAid of tba teeUi of Alurki faitnd fbasUT 



*Thsl«eUior>hU'ka,botlifoHUtiadeilnii]gap«deg,mllpoSHU ons CMS 
Bt of nrueture, nimdy, m. bue, or omeom root, of ™rUbl« form, vUch !■ 
be InttgnniBnlH ; iind > crowTi, or oitenULl portion, Thloh projeeta iolo tin 
I eovarad with enuiel. Thus l«th ire neret eiiib«dd«il In KWketa. or i 
olldnuu^ oftb* Ji>T>; ths7 only idhin Co 



CAINOZOIO PERIOD. 287 

313. leptiies. — The remaias of reptiles are abundant in 
the deposits of the Tertiary epoch, but are not so numer- 
ous, comparatively, as in the rocks of the Mesozoic period. 

Of crocodiles, eighteen species have been described ^om Tertiary strata 
— those found fossil in the Eocene clay, which underUes the city of London, 
being closely allied to the crocodiles which are now living on the Island of 
Bcnmeo. Turtles were especially numerous during the Tertiary epoch, and 
not unfrequently attained to great size — ^the remains of one individual, found 
in Tertiary strata, at the base of the Himalaya Mountains, measuring twenty 
feet across th| curve of the shell. The earliest indications which the palse- 
ontologist obtains of the existence of Ophidians, or serpents, upon the surface 
of our planet occur also in the Tertiary, where, at least, ten species of this 
£unily have been found fossil. Some of these were, apparently, allied to the 
boa, or anaconda, while others were, undoubtedly, sea snakes, and judging 
fix>m the corresponding parts of recent species, they must have been from 
fourteen to twenty feet in length. 

314. Hammalia. — But the most remarkable and in- 
teresting of all the fossil remains found in the deposits of 
the Tertiary system are those of Mammalia. As already 
stated, the remains of mammiferous animals first appear 
in the Triassic system ; but during the whole of the 
Mesozoic period this great division of the animal kingdom 
seems to have been represented on the surface of our planet 
by only a few species belonging to its lowest and most 
inferior orders, — as the marsupalia, etc. With the very 
commencement of the Tertiary epoch, however, mammalia 
appear to have been called into existence in great num- 
bers, and from this time onward, to the presenl;, they con- 
stitute the predominant races, so much so, that the Cai- 
nozoic period is Sometimes designated as the ^^ reign of 
mammals^' in the same manner as the Mesozoic period is 
termed the ^'^eign of reptiles^' and the Palaeozoic period 
the " reign of fishes," 

QxTSBTiONS. — What is said of the reptilian life of the Tertiary epoch ? What varieties 
of reptiles appear for the first time in the Tertiary? What are the most remarkable 
fossils yielded by this system ? What is said of the development of mammalian life on 
the earth daring the Tertiary ages? What designation eharacteristio of Its life features 
is sometimes given to the GidnojEoic period ? 

in most of the sharks, great mobility. They are generally, moreover, disposed in rows ; 
the anterior ones, bdng first used, fall oat, and are replaced by those on the inner series. 
New teeth are also continnally formed behind those which exist, and advance successively 
toward the anterior rows as tiie Utter are shed, and in their turn occupy the first rank. 
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The BooetM agee wen eepcdaUy ciwnetorued b; tbe ^dtteoce cd' lai^ 
nomben of "■'■"»'" of the order FocbTdernuta (Gk, ira^c, tkki ; dcppi, 
*Un), an order oT mtunmalii which bava boo&, but do not chew the cud, and 
■wluch are diatinguiBhed for the thickness of th^ skinB — aa tbe alepbao^ 
rhiDoceroa, hippopotamiu, t^rir, bo£ horea, ate. The Pat^Tdermata of tbe 
Eooene period were, bowerer, so different (ram my now KostiD^ Uiat new 
gataie names have bad to be Inveated Ibr ilmost all cS them. ' 

Ono variety of PacbjdenDatoiis animal, of wbioh elerra or twelve spedes 
bave been fbnnd — rarying in size Irom tiiat of a boras to that of a hog or 
sheep— bad, in iM riraleton, the united cbaracteristioa of the tapir, tlie rbi- 
Doeeros, and tbe honw. It ia named Faiae&erimn (Or., troAgiof, oneuni; 
and drifuav, mid beat/}, and was fhrnighed with a short Qeshy trunk, whieb 
probably adapted it to bva like fbe Sooth American tapii, in swampy dia- 
tricla, and feed on coarse vegBtalion. Fig. 103, page 186, wiB give Mine 
idea of its appearance and stmctnre. 

Another genns, of wbich Ave q)ecie3 have been fbond, was, in one reepeot, 
intennediate between tbe rhinoceros and the horse, and in anotber between 
tha bippopotamna, tbe bog, and tbe csmeL ItwaaeHpecialiydiatingaiabedby 
ttie great leogtikofita tail, which was longer tt^ its body. Tbis animal lias 
leoeired tbe name of Anoplotberium {avojriof, tmarmed), and varied in aiza 
from tbe dimen^ons of a pony to tbat of a bare. (9ee Fig, 192.) 
FiQ. 192. 



Besidea mammala of tbe order Pachydormata, there have also iMen found 
in tbe Eooene Tertitfies the fossil remains of tbe dog, byena, fbz, opossun^ 
eqoirrel, monkey, and bat — all of extioct species ; also tbe bones of many 
q>ecieB of birds. 

Tbe most interestii^ collection, probably, of tbe remains of tho animals of 
tbe Eocene has been obtained from certain beds of gypanm, which (brm a part 
irf the Tertiary bamn in which tbe dty of Paris is situated. lu this formation 

QuanoRa. — Wb>t cdui at anliiuti eipeclslly flonrlahad daring tb« igs of Iha Eocene r 
Wlut m tlM peculUrlliH of th* PuhydamuM r WhKt mre hiim of the looit remuk- 
>b1e EocHH qudnpadir What looill^ hM lunldied tba moat intsiatliiB foitfii of 
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the remains of npwanlB of ttSty spedes of qttad- 
rnpeda have been Ibimii, fbur^fiiUia of whidt ate 
refbrableto the order of the Pacliydermsta. The 
beds also contain land and fresh water sheDs, 
frajfiueiits of wood, with nomerona boiun of 
freeh water Osh, reptiles, and birds. The elcete' 
tons of tliB qusdrapeda nsuatfy occur isolated, 
wtd are oEton in eucli a peculiar and partial Btafe 
of preserraUon as " to eicite the curiosity of 
eroD the untaught workmen. Onl^ half the ' 
dceleton is present. The Ihnbs and ribs of tlio 
under ^e are found Ijing ia nearlj their proper 
places ; «hile of the limbs and ribs of the opper 
side usuallj not a trace can be detected; even 
the opper side of the sloill is often wonting. It 
would idmoet seem aa if Bomo pro-Adamito 
butcher bad divided the carcass longitudinaUj', 
and cairiod awa; with him bU the upper halves. 
The reading of the en^fma seema to be, that 
when the creaturefi lay down and died, tho 
gjpsnm, in which their reuiiuns occur, was soil 
enough to permit their under mdes to siuk ioto 
it, and that then gntdnally hardeiUog, it Icept 
the bonee in their places ; while the uucovered 
upper sides, exposed to diaintegratmg influences, 
either mouldered away piecemeal or wern re- ^ 
moved by accident." ' 

In the Eocene beds of the United States, easl 
of the Miaaissippi, the remuna of no terrestrial 
Tnnmmalia or IsuA qoadiupeds hare as yet been 
discovraed, bat vestas of Cetacean mammaha* 
are not uncommon. In Chuk County, Alabama, 
Qie colossal bones of an aoimsl of this order, 
termed the " Zeuglodon," are of common oocur- 
renee in certain calcareous strata. Mr. Lyell 
speafca of the vertebral column of one skeleton, 
more &aa seventy "(bet ia length, at one locally 
which he visited, and of another fifty feet long. 
Vig. 193 represents a reekoed i^pearanoe of the 
leuglodoa. 

31S. In the Uiocene Tertiary, Pachydermata, 

Qmsnova— Wlut mMDnmllMi fOssQi Iwtb been 
found In the Boflena lirfttA of the United Statoa 9aM 
ofthaUkiladpplF 



* Tha order CetuH In 



« tlifl -whAlea, dolpblDB, 
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though maiiily of a diftbrent tfpe from' Oieir pnAeasaoa,' Bie still tbs 
preraiiing foniu. One aninul of this kmd, called the Dmotberitun (Cr^ 
itivot, terrible; and Bijpiov, utld htatii, is supposed to be the targeet mam- 
maHaa qaadraped that ever exisled. It Beema to hare heea a kind of gieat 
water elephant, with a lei^h of at least eighteeD feet, and a height of Hmf 
teen feet ; two fbet longer and higher than the largest maatodon yet dis- 
covered. It was probably ilmudied with a tnuik or proboscis, and the lowat 
jan had two immeoBa tusks, curring downward, like thoaa of the walnu, 
and which, in some speciinena, were three feet in length. Its fere feet were 
TBTj loi^ and a mole-like Ibrm of the riionldcr-blade adapted them ibr dig~ 
gii^. This nnimal is believed to haTO Uved principally in the water, like the 
bippopotamas, and probably lued Ita tasks for tearing up the roots of aqnatio 
plants, which the atmcture of its teeth indicates it fed upon. It has also 
been suggested that the tusks were used for dragging the animsl ont of 
water, or (or anchoring it to the shore while it slept in ae water. Its 
head, wbidi measured about three feat across, was provided with muscles 
of eDonnouB Etrengtb, anraoged so as to give the moat potait effect to tho 
Dperatioua of the tnska, whatever may have been their uses. The genua 
Dinotherium appears to have existed but for a limited time; having been 
created at the commmoement of the Uiocene epoch and becoming extinct at 
lis close. Its remains have been found h> Prance, Central Enrope^ Gieace^ 
India, and Australia. Its probable appearance is represented in Fig. IS^ 
Fl8. IM. 



The great Mastodon (Gr., /uurof, nipple; anil ui'iiiir, a loath), an animal 
resembling the elephant (see fig. 20S), and deriving its name from the pro- 
tuberances on the grindii^ sur&coa of Its teeth (see Fig. 19G), seems. In 
Europe, to have been contemporary with flie Dinotherium ; but in this coun- 
try (Uie Bcene of its greatest numerical development) it appBOta to belong to 
a later age. In height it did not surpass Ibe AlHcan elephant but it oon- 
nderabij exceeded it in length — a specimen which could not have stood 
above twelve feet higli, indicating a la^th of abont twenty-five feet. It had 
tusks like the elephant, and a long, flexible probosds. 
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Anotber caricnu animal of ttiis era, wboss remains are found in Tertiary 
dspodtB, in India, was the " Sivatherium," which waa larger than a ibino- 
c«n>a, sod fiinushed with fbur homs, and a proboscis. When Kring, it must 
have resembled lui immense ant^pe or gnn, with the bee and Qgore tf a 
ihinoceros.* 

Fio. 195. FlQ. 196. 



31C. A most extcaordinaTj formation of the age oT the Uiocene Tertiur 
has boon brought to light within a compaiatiTel7 few jeais, in Nebraska 
in the diattict of coontty known as the "MdMaises Tsrrea," or "Bad 
Lands," of the lirhita Kiver. Its location and geolo^cal featureB are thus 
deecribod by Dr. Owen, U. S. Geologisti in an officdal report for 1851 : — 
" From the uniform monotoQona open prairie, tho travulcr auddoDl? deBoends 
one or two hundred leet, into on extensiTe ToUej (ibout thirty miles wide, 
bj mnety in length), that looks aa if it had sunk awaj Srom the surromiding 
world, leariug standing, all over it, thouaanda of abrupt, irregular priamatio 
and coluoinar masses, stretching up to the height of from one to two hundred 
f^et, or more. So thickly are these natural towers atudded over the surface 
of this eitraordinary regwii that the traveler threads his way tlirough deep, 
labjrinfliine passages, not unlike tho narrow, irregular stteets of some quaint 
<dd town i while viewed from a distMioe one might almost imagine himself ap- 
proaching some m^iniBcent city of the dead, where the labor of forgotten 
mOIioDS had left beliiad them a mulljtude of monuments of art aud skill" 



It rsou'kBble aalmsl baa been tauai la the Tertiu7 depoaiu of 
lodiii r 'Wlwt cibsordLoiirr fomutlDii or the Ulocaiie tgs eiliU In tidi coutry t 

■ Ths TerUsTT depart rrom vhlch As remslni of tbe BiTitberium are obtained ItH 
■t the ioutberi base of tbe HlnLalaja Mauntalcs, amoDg the SlviUc Ulls, In India, and 
baaaffbrdedagrc*t«rDnmt»rof genera, and apeduof tomil niainiiiaU«, Utan aojeUbn 
ngloii jet explored : aneli ai tha maitDdon, elephant, hlppopotamDa. glimffiB. aiiul,-iiioD- 
ier, and variimi carnlTinaai animale aUled to tbe Hon and tlscr. Cuts of Kinie el lbs 
ntuit Inlenatiiig of these foBsUa hare b«a preseoted hy tbe Gut India Company to 111* 
BOMBB aocMr irf Naluta] Biatory, and may be Hen In Ibeli mnHBOI. 
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*' On deeoending from the heightSi however, and proceeding to inspect the 
deep, intricate recesses of this vast labyrinth, the realities of the scene soon 
dissipate the delosions of the distance. The castellated forms which fancjr 
had coDJured up change ; and around one, on eveiy side, is bleak and barren 

But the physical features of the Mauvaisea Terres are of little importance In 
comparison with its fossil treasures. The region seems to be, in fact, one 
vast charnel-house, and "at every step," says Dr. Owen, "embedded in the 
debris, lie strewn, in the greatest profusion, the remains of extinct animals." 

In a collection of from six to eight thousand pounds of fossil bones brought 
from this locality. Prof. Leidy, of Philadelphia^ has detected the remains of 
about thirty species of extinct mammalia. Many of these belonged to huge 
Padiydermatous animals, sudi as the hippopotamus (eight species of which 
have been found), rhinoceros, tapir, palsotherium, anoplotherium, eta One 
extinct animal, called the " Oreodon,^^ had grinding teeth like the elk and 
deer, and also sharp-pointed teeth like lions, cats, etc ; and must have be- 
longed to a race that lived both on flesh and vegetables, and yet chewed the 
cud like the cow. Another, called the Machairodus, was wholly carnivo- 
rous, and '^ combined the size and weight of tiie grizzly bear with the jaws 
and teeth of the Bengal tiger." 

Most of the bones are in a relatively good state of preservation, and are 
highly mineralized. Dr. Owen saw a nearly entire skeleton of a palseo- 
therium, which measured, as it lay embedded, eighteen feet in length, by 
nine in height ; also a jaw of a similar animal, which measured five feet along 
the range of its teeth. Besides the remains of mammalia, fossil turtles are 
numerous. At one point of the valley, which has the appearance of a floor 
of an ancient lake, they lie embedded by the hundreds; and, in some in- 
stances, have an estimated weight of a ton. 

All the fossils thus far brought from the Mauvaises Terres of Nebraska 
are believed to belong to species that became extinct before the epoch when 
the Mastodon inhabited this country, and their general character indicates 
that the strata in which they occur embedded was depoated from fresh or 
brackish watera 

31*7. Besides the fossil animals enumerated, it is probable that every exist- 
ing order of mammalia, with the exception of man, had its representatives 
upon the surface of our planet during the Tertiary epoch. 

In former geological epochs, as has been already stated, the plants and 
animals of every region of the globe appear to have presented a. great degree 
of sameness or identity, but during the later portions of the Tertiary epoch 
geographical distinctions and separations (life provinces, see g 207) began to 
prevail. Thus, Australasia is now the exclusive home of the kangaroos, 
wombats, and all other existing marsupalia, with the exception of the single 
genus of the opossum; and, very curiously, the bones of tlie mammalia 

QuEsnoNS. — Give some description of it and its fosdls. What proportion of the exist- 
ing orders of mammalia are represented in the later Tertiary deposits f 
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hand fossil in the Tertiaiy deposits of Australasia^ have also proved, with 
very few exceptions, to be those of marsupials.* In like manner, the Ter- 
tiary fossil mammalia of South America resemble the sloths, armadillos^ ant- 
eaters, and other animals which are now restricted to that continent In 
Kew Zealand, before the arrival of Capt Cook's ships, no mammal existed 
larger than a rat, and among the fossils of the Tertiary of these islands a like 
restriction of animal forms has also been discovered to prevail Some genera 
of mammalia, however, have always had a much wider range than others, 
and the bones of the mastodon and horse, especially, have been found fossil 
in the Tertiary deposits of almost every quarter of the globe.f 

318. Pleistocene Group ,— In the present state of geological knowl- 
edge it is impossible to define the limits of this most recent group of the 
Tertiary system with precision, but upon one point all geologists are agreed, 
namely, " that while the Eocene, Miocene, and Pliocene strata were gradu- 
ally, and during a long series of ag^ deposited in seas, estuaries^ and lakes, 
surrounded by land that enjoyed a high and genial climate, some immense 
changes — physically and geographically — ^took place over these areas, which 
brought the Pliocene to a dose, and heralded the advent of the Pleistocene 
era. The distribution of Pliocene lands and seas was violently broken up, the 
climate was changed, and the huge mammalia that browsed in thousands in 
the jungly valleys, or roamed over the wooded plains, met with a rapid and 
all but total extinction." 

QuBBTioNB. — ^Wbat remarkable difiference is manifest on comparing the fossils of the 
Tertiary with those of the earlier systems ? What is said of the limits of the Pleistocene 
gronp ? What drcomstances appear to have attended the advent of the Pleistocene era? 



* Beeent geological explorations in Australia have put us in possession of many inte- 
resting facts respecting the animal life that prevailed on this great island continent during 
the Tertiary epoch. Nearly all the principal orders of terrestrial mammalia existing in 
other parts of the globe were represented, but with very few exceptions they were aU mar- 
supials, or.pouched animals. Thus, for example, there was a large camiyorous quadru- 
ped, equaling, probably, the largest existing lion or tiger in size and ferocity, and yet 
was a pouched animal like the kangaroo or ojiossum. It was contemporary with, and 
probably preyed upon, kangaroos four or five times larg^ than any now existing, and 
also upon another herbiyerous pouched animal (the Diprodon), which had a head and 
fltce somewhat like a kangaroo, and the proportions of a rhinoceros; the size of the 
Diprodon may be inferred from the drcnmstance, that its fossil skull measures three 
feet long^ by one foot eight inches broad. 

t At the time of the discovery of the American continent the horse was unknown to 
the natives, and probably did not then exist in the New World— the horses now found 
wild in North and South America being, undoubtedly, descendants of subsequent Euro- 
pean importations. Tet Che bones of the horse are found fossil in the very latest Tertiary 
deposits of the United States, and seem to warrant the inference that the spedes, after 
having been called into existence upon this eontinoat, died out, and was then renewed 
from the Old World by the agency of man. 

According to Profl Owen, no unequivocal fossil remains of the sheep have as yet been 
discovered ; although the bones of the goat are found fossil in deposits of the PUoeene 
and Pleistocene epoehs. The inference Aram this negative evidence, thereforei is, thai 
the shee]^ is notfgeolegloaUy, more ancient than man. 
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819. PhysiGftl Geography of the Tertiary Epoeh.— Attiie 

commencement of the Tertiary- epoch many of the moet extensive mountain 
ranges of the globe — as the Alps, Pyrenees, Carpathians, Himalayas, eto/^ 
were not in existence. We know this fiom the circumstance, that strata of 
unmistakably Eocene age, fiUed with the remains of marine animals, are now 
finmd high up on their flanks or summits. (See Pig. 15.)* In this country, 
the great chain of tiie "EUxky Mountains had also. not attained its present 
elevation. Sir E. L Murchison considers that the Alps, at the commence- 
ment of the Tertiary epoch, were represented by merely a long archipelago 
of islands, slightly raised above the surface of the ocean. 

Some of the other marked geographical features of the globe, during the 
eailier ages of the Tertiary, as made known by geological investigations, 
were as follows: The Mediterranean, or another great and corresponding 
inland sea, covered the deserts of Sahara^ Lower Egypt, and a part of Arabia. 
The Straits of Gibraltar, probably, did not then exist, and the waters of the 
Mediterranean mingled through the channels of the Eed Sea and the Persian 
Gulf with the Indian Ocean. The islands of Great Britain were, probably, 
connected together, and also with the continent, the English Channel not 
having been excavated. The North Sea and the Baltic spread over the 
plains of Northern Europe, and another ocean stretched from Siberia and 
joined with the Mediterranean by the Black Sea. India was then a great 
triang^ular island. In North America, the Gulf of Mexico covered a great 
part of the territory of the Gulf States, and penetrated into the interior of the 
country, as far as the head waters of the Missouri ; while a deep trough or 
chaimel of ocean water divided the continent along the line of the St. Law- 
rence and the present chain of the great lakes. South America at this 
epoch was, probably, represented by three great islands, "the Isthmus of 
Panama not existing. 

During the whole of the Tertiary epoch the mountain chains, above re- 
ferred to, appear to have been gradually uplifted, and to have attained their 
present elevation at about the commencement of the Pleistocene era. In the 
case of the Alps, the final elevatory movements must have been of terrific 
violence, and amounted, according to Sir E. L Murchison, " to a total inver- 
sion, in many places, of entire mountains.^' 

a20. Glacial Epoeh. — ^During the early part of the Pleistocene era 
also, large portions of Europe, Asia, and North America, appear to have 
gradually subsided; and in connection with these vast oscillations of the 
crust of the earth, and, probably, as a consequence of the changes occasioned 

QuisnoKB.— What were some of the geogntphical features of the i^obe at the eom- 
tnenoement of the Tertiarj epoch ? What changes of land and of climate took place orer 
ttke sorfh»n hemlqihMre at the coimaenoMBeBt ci tiie Fleistoeene era f 



* Any one, says Sir B. J. Murchison (Proo. Koyal 800., 1861, p. 57), who will climh 
peaks of fhe Alps rising 8,000 or 9,000 feet above the level of the sea, in the vicinity of 
Lake Lnoeme, may satisfy himself, that the erysteUtne schists and slates formixi«r thdr 
sommito were once mere mnd, d^tosited from water^ at Uie same tim» as the slightly 
consolidated clays which underlie the city of Lond(m. 
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by them in the distribution of land and water, the dimate of the temperate 
parts of the northern hepiisph^o, which was before genial, experienced a 
great redaction of temperature. 

This epoch of the earth's history is often spoken of as 
the ^^ glacial" epoch or period, from the circumstance that 
glaciers appear to have then formed on almost all the 
mountains of the northern hemisphere ; and it is even the 
opinion of many geologists that almost the entire surface 
of this hemisphere, north (at least) of the 40th or 50th 
parallels of latitude was covered at this epoch with ice <^ 
great thickness. 

The traces of the existence of andent glaciers, of great extent, in the 
northern part of the United States, and in Northern and Central Europe, 
are among the most interesting of geological phenomena. They are the 
same in every respect as now result from the action of existing glaciers, and 
comprise rocks grooyed, striated, tind polished, large masses of rocks dis- 
rupted and transported, an^ the peculiar glacial accumulations or ridges of 
detritus, which are technically known as Moraines, (See § 142.) In the 
Alps, unmistakable evidence exists that the extent of glacial action once 
reached full fifty miles beyond the limits of the existing glaciers. Scandi- 
navia, in Europe, appears, moreover, to have been a sort of center from 
whence enormous glaciers, like those which now exist in Greenland, once 
radiated in all directions over the continent. In Great Britain nearly all the 
principal mountains of "Wales and Scotland, none of which now reach the 
limits of perpetual snow, have been also the seat of glaciers. 

In North America most distinct traces of glaciers have been discovered in 
numerous localities, upon the Green Mountain range of Vermont, Massa- 
chusetts, and New York, upon the Catskills, and upon the Laurentian Moun- 
tains of Canada. Upon the Green Mountains of Yermont and Massachusetts, 
where the phenomena have been very carefully examined by Prof. Hitch- 
cock, the glaciers appear to have filled up and moved down the valleys 
opening into the present valley of the Connecticut River, and the valleys 
contiguous to its tributaries ; and their course, following the sinuosities of 
the valleys, is made clearly manifest by the deep furrows and striae which 
they have left upon the sides of the adjacent mountains.* In some instances 

QussnoKS. — ^What name is dften ghren to tbis epoclif Do ve find evidence of tlia 
existence of former extensive glaciers in the ten^rate Eones of the northern hemi^here? 
What is the nature of this evidence ? 



* Aeeordiog to Frof. Hitehooek, the iSalloTring are among the localities in Nev Eng. 
land, where traces of ancient glaciers are especially noticeable : In Massachnsetts, on tlie 
Westfleld Biver, in Bussel; near Huntington; at Sodom Mountain, in GranviHe; and 
on the Deerfidd Blver and Its braadies. In Vermont, at Windham and Grafton, on 
8axtoB*s River ; on a branch of West Biver, in Jamaica ; on the Otta Qmeeehee, in Ply. 
moatti and Bridgewater ; on the White Blver and its branehes; and at Hancock, on the 
west side of the Green Mountain range. 
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also, the remains of immense moraines, crossing the yallejs and indicating 
the termination of the glaciers, are still visibla The length of one of these 
andent glaciers of Vermont has been ascertained bj Pro£ Hitchcock to have 
been at least eighteen miles. 

321. Drift. — The subsidence of land in the northern 
hemisphere, akeady spoken of as occurring during the 
early part of the Pleistocene, or Glacial epoch, appears to 
have continued until a great part of Northern America, 
Northern and Central Europe (including the British 
islands), and Northern Asia, were submerged beneath the 
ocean. In Northern America the extent of this subsi- 
dence has been estimated at from 2,000 to 4,000 or 5,000 
feet, or sufficient to submerge nearly all the mountains of 
Canada, New Tork, and New England. In Europe, the 
amount of subsidence has been estimated, for different 
localities, at from 1,000 to 3,000 feet. 

The evidence upon which geologists have arrived at these conclusions is 
substantially as follows ; — 

Spread out over a great portion of the northern hemisphere, and resting 
upon rock formations of every system, there is found to exist a vast accumu- 
lation of abraded material, such as clay, sand, gravel, and detached frag- 
ments of rock, termed bowlders ; the latter being sometimes scattered loosely 
over the immediate surface, and sometimes inclosed in beds of clay or gravely 
without regard to gravity or any other law of arrangement These accumu- 
lations, in some places, exhibit a stratified arrangement, but, in general, their 
appearance suggests at once the idea^ that they have been transported and 
confusedly piled up by some unusual and extraordinary operation of water. 

By the early observers, the origin of these deposits was referred to the 
Koachian deluge, and the general name of Diluvium (Lat., a deiuge) was 
applied to them; but s^ the subject came to be better understood, this 
opinion was abandoned, inasmuch as it was apparent that no transient 
deluge could have produced the effects exhibited ; and, at the present time, 
the whole formation is believed to be mainly the result of the long-continued 
and joint action of water and of ice, at a time when the lands in question 
were partially or wholly beneath the ocean. 

The name also by which the formation is now almost universally recog- 
nized is Dript, although the terms " Diluvium^" " DUuvial Ihift^ " GUuidJL 
DHft^'^ " Bowlder Formation,''^ and " JErratic Block Grou^^^ are frequently used 
as synonyms. 

QviSTiOK. — ^Tofrliat extent did the sabsidenee of northern lands probably proceed? 
What is mainly the evidence which has led geologists to these condnsions ? What name 
has been given to the accumulations of atotded material spread over the northern heatU 
sphere f 
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yig. 191 R^preaantti drift (b), con&sedlj blended, and lestiog upon hi^f 
inclioed strata of the Silurian age (a), and covered with depoaita of the same 
material regularly Btretiflad {c). Fig. 193 repreaents a BeclJon of a drift ao- 
onmuUtion of coane gravel, sand, and bowldera, which also contiHoa deposit* 
of fine clay. 

PlO. 198. 



322. Limit* of the Drift.— In America theT[>rift extends &om (he 
polar T^ons as thr south as about latitude 40°. "Its souttiera licnit <d'ctn>- 
loiuom d^Mit in the United States is a line drawn from Long Island, through 
Central Fennaylvania, to the Ohio, with occasional exlen^ons southward in 
the valleys of the Delaware, Susquehanna, and Miaalswppi."" In Europe tdl 
tracea of it are lost in the counlries bordering on the Mediterranean. In South 
America deposits similar to the northern Drift have been recognized in Terra 
del Fu^o, and Patagonia. 

The vertical ruige of the Drift in this country can be inferred from the 
fact " that an the mountain poalcs of Northern America, east of the Rocky 
Mountains, are covered by ila water and ice-worn materials, widi the excep- 
tion of several hundred feet of the conical summit of Uount Waahii^tan, in 
New Hampshire, which is covered with angular fragments of roelta that have 
never been disturbed except by frost." In many localitiea in New England, 
New York, and Canada, beds of clay contaioing marine shells occur, in some 
InstancBS, at an elevation of over 600 feet above tlie present sea level, and 
are then overiiud by Drift deposits of sand and gravel of varying thick- 
ness. In England and Scotland, moreover, marine shells, mingled with the 
Drift, have been found at elevations as high as 2,300 feet above the present 
ocean. According, also, to Sir Charles Lyell, the shells occurring in the 
Drift deposiia of Canada and of Scotland, are of an Arctic type, and indicate 
a ^Ider climate than now prevails in those countriea In 1819, during the 
construction of the Rutland and Burlington rwlroad, in "Western Vermont, 
an almost entire skeleton of a whale was found embedded in blue clay, of 
the Drift fbrmadon, from ten to fourteen feet below the Burfeco.f A similar 
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AsWoD hsB besD alw> bond in a day-pit oau UoD«al, flOMH faot bdow tb« 
Bcriace, aaaaciited with vBiioug apeciss of mahne sheUa. At Ganluier, and 
Ango^ Uaiae, beds of cUm uid muacle ebdls, aawcelj difitiDgnidiBblo 
ftom tbosB DOW "•"«'! "g on the aiiyaceat coast, occur beoeatb deposils of Mod 
mod gravel sixtj feet ia Uuckaeao. 

Ihe Drift materiitliadiSbsedTeiytiaequiilly. Ibsomelocalilieaitformsonly 
B Blight coTering orer tlie lock'Biir&ce, or it may be entirely wanting, while 
in otheis it ia piled up in ridges and hills of several hundred feet elevation. 

32^ Bowlderi • — IHie bowldera, which are everTwhero duraoteiiatio of 
the EWt ExmatioQ, vaiy in size from a taw pounds to manes of htmdreda 
or evoi tliausuids of tons weight Tber are generaUy more ot lees rounded 
in fbrm, as if waler>woni, and are unlike the rocks in place which nnder- 
liethem. In short, the whole pfaj^cal condition of tbeso loose masses ia 
audi that the most superficial observer could hardly fait of arriving at the 
conclo^on, that they ore foreign to the localities where they occur, and must 
bKve been transported from a distance by some powerfiil agency. 
FiQ. 199. 



In soma diatricta the bowldcra are strewn so thickly that Ibey almost eoo- 
tiouousdy oover many square miles of sorftce. This is espedallj true of 0007 
puts of New England. Fig. 18, page 19, represents the appearance of U« 

<]iiiffTii>ii8. — "WliKt o(hi«r nnmlib&kable proofs of tho former Bnbmorgenu of tfals eoun- 
trj benem«i.aio oocan fiiva bsen obUlned F TTbat to aiiid of tJie dlfforfon of Ihs Drtft 
ututolt WbatliBUofttaeaAHuiBnoeofboiriJanliiUieDriftfanutloar \n»X 
atOuirBBiaUtJ 
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ommby at Squam, on the ooaM otUssBaebnaetta, near Qtenoeetar. In other 
distiictB, only aingle bowldwa, separated by long mternia, or a few " perched 
blocks" repoaii^ on some height, will ba met with. 

The (dM of these txan^orted blodcs ia often enormous. At Fall Rtver, 
Masaacbuaetts, on the aoutb side of the bay, at the mooth of the Taunton 
BJTW, a bowlder of conglomerate rock was uncovered in a gravel ridge, 
which originally weighed G,10a tons, or 10,800,000 pounds. The ledges of 
this coDglomerate are met with only oo tho other side of tbe bay. This re- 
markable bowlder has been entjrely destroyed for buildmg purposes. 

Fig. 199 represents a bowlder (flgored and described by Dr. Eitcbcodc), 
located upon a momitain in "WhiUngham, Termont, which is ibrty feet long 
thirQ''Six feet wide, tweuty-eeren feet high, and is estimated to weigh 3,4DQ 
tons. This bowlder has, unquestionably, beea transported acroBS a tbU^ 
1,000 feet deep to its proeent position. 



Fig- 200 represents one of the largest known bowlders in New England, 
located at DauTers, Mass. It is tho property of the Essex Oonnty Society 
of Natural History, and is careMly presarred from spoliation, as a geological 
curiosity. On Hoowc Mountain, in the town of Adams, Mass., is a bowldor 

(lu»Tio5i.~Wl»t of tt» itie irf •omo bmrldsn t 
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or giBiiitet vrtigbiag GOO tons, wbich haa been transptHied firmn & Isdga on 
an oppoaita moiuttalii across e, vaUej 1,300 feet deep, acd at the some tiiae 
dialed about 1,000 feet* 

324. Racking Stones, — Bowldera of many tons weigbt are aometinea 
met with bo nice^ poised and balanced opon other rocks that they maj be 
ea^y made to oadllate by the hand, thoogh an hnm^ise force would be re- 
qoirad to dislodge them. Sudi examples are termed " roddng Btones." 1%. 
201 repieBenls a roddog stone in Fall BiTer, Ifaa^, pdsed npon granite^ and 
wel^iing 160 tons. 

Fia.a01. 



325. Biipersfon ot lh« Drift.— On examining the bot- 
faces of bowlders it is common to find them marked frith 
parallel scratches (etriro) and groovings ; and what is still 
more cnrioue, the surfaces of the rocks upon which the 
bowlders, gravel, and other Drift accumulations rest, are 
also more or less smoothed and marked with distinct 
linear strite and furrows, as if the Drift had been forcibly 
carried forward, and had scratched and worn them during 
its passage. 

It has boen conjectured that if the rocks of the northern portion of this 
country could bo laid bare, the traces of this abrading action would be dis- 
tinctly -risible over nearly half their surlace. Bockiv however, of dight con- 
sigtenc^, or which have been long exposed to atmospheric influence^ rardy 
exhibit it. Those grooves, or BlriEe, are sometimes a fbot or more in width, 
>nd aeveral inches deep, but moat geuemJly they ale a fractiou of an Inch ia 
depth, ^d tVom a, quarter of an inch to two or three inches in width. Some- 

Qimnoiii.— Wlut ura racking itooar Wlul mmjb* comDWDl; Dtaarred nponttaa 
■nrfuMof boTldenr Wlut corloss ruthu kkobesn uoUcad reqwcUne the rock mr- 
lUaa Dpon irhkh the Drift r«aUf Wtut 1« uld oT eil<nt tnd dM of (he DriAuu 
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tiaea the striae assume the fbrm <^ the moat delicately cat panllel Hues, oo 
flue tliat the aid or a lens ia requisite tor their esaatinatioD. Fig. 203 repre- 
•euts examples of Drift stiis on blade limestone, tttaa near Lake Champlun, 
Yetaoat. 

Tia. 203. 



Agaia, these markings and groovings on tbe surfaces of 
ledges, or rocks in place, all trend in one general, uniform 
direction, namely, from north to south, varying from north- 
east to Bouthwest, and from northwest to southeast. 

"In gaoeral," sajs ProC Hitchcock, "they do not alter tbeircoorae fiir 
any topi^Taphical feature of the country ; hut crass valieys at every con- 
ceivable angle, and even if the striEe run in a valley for some little distance, 
idien the valley curves the strice will leave it and asceod hills and moun- 
taina, even thousands of feet high." 

In New England, New York, and Canada, Drift stria have been observed 
npon the summit of rocks of most of the highest aountains, and from the 
size and ezt^it of the fiirrowB, it seems certain that the agency wtiich pro- 
duced them, was nearly, or quite as energetic, as at lower levels."* 

Another remarkable circumstance connected with the 
phenomena of the Drift striae is, that they are never found 

n In mf anirana dlraotlaii t A.t ■tut 



* On tlH Whits HoanUlnB of Neir HimpahEn Drift furrowB eiiit, U in elanUon of 
6,000 feet itlxiTS tbs «■— tb« graXe^ elentlon at vblch Ibtj ham been foiiDd in North 
America. Abora 0,000 feet the nimDill of Ht. Waibiogwo appain to hiTs sntlrEly 

Oreen UoDntain nnge, 4,020 feet, aboie the ocean, Drift atrlis eilit abnodaotlr. On 

the Catikllli the Rrtn han twen sbearred at ao eleTatlon of 2.350 feet, mniifais horiEon- 
tally north and aoath, aa If a noceialoD of Iceberg bad grated along the iJopee of tha 
~' 9 Bxamplei of theaa itrlatlona maj bo aaia 
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upon the Boath Bides of mountaiDe, tmless for a part of the 

way where the slope is smalL The north, north western, and 
northeastern aides of mountains, which have been ezpoeed 
to the drift agency, are also universally worn and rounded, 
while upon the sonth, or opposite Bides, the projections are 
more augular. 

SomatiiiieB the end or ^de ofa lodge of rock bears eridence of ha-ring been 
aabjected to crushing fbrce, wbk^ has brolran and dislocated tba atrabL 
Fig, 203, wbiob is a aection of a elate quarry, at GuUlofd, Yermont, repre- 
sents an example of tliia pheDomenoo, irtiicb baa been referred, by Prof. 
Hitchcock, lo the actiim <^ a gladM or huge iceberg crowding aloi^ tlie 



Furtkcrmore, in the north^n hemisphere the howlders 
are always of some variety of rock which occurs in solid 
ledges in a direction north of their present position ; and, 
in most instances, by proceeding nortli in the direction of 
the Drift strioe in the vicinity, the localities from which 
the bowlders of a particular district axe derived, can bo 
found at a greater or less distance. 

In BncU oosea the blocks will umiaDy ho found to increase in sizo and num- 
ber OS wo approacli tlio " parent ledge." 



A» 73 ibli over to dstsndiu tlie 1 
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Tbe distance to nliidi bowldara of great azs cko tboa be proved to have 
been transported is oftea Tery great " Plymouth Kock" is a bowlder of 
Bieoitio ^antl«, ledges of which are found in the vicinitf of Bostoo. Tbe 
cortb ahorca of Long Island are trtrewn with bowldara of red Bandstoa(\ 
gracito, nnH Dtlier rocks, arranged in groapa which correapond with tlio 
pOfiilJOQ of tlio same ledges in CoQiieclicul, across tho Sound to tJie nrath. 
Most of the olber islands on tlie New England coast are also covered with 
bowlders derived from the continent. Upsn tlie bare granite summit of 
ill. Katahdin, tbe highest mountain in Mbjqs, at an elevation of 3,000 feet 
or to(ff» above t^ auironndlng vallejs, pieces of limestone containing GiasH 
shells are found, though no ledges resembling them are known, except manj 
mi]ea b> the norUiwest; and at a much lower level. In Buasia bowlders 
have been ideoliBed with ledges more than 800 milss distant^ in ft northerlj 
direcdon. 

Fig. 20*. 



Upon tba prairies of the northwestern States grani^ bowlders of great 
Rise (sIgniScantlj called loei rockt), iriiich have, undoubtedly, come from the 
re^n of the great lakes — a distance of 300 ta GOO miles — are very common. 
Fig. 204 represents the appearance of abowlderofporplijritic granite on llie 
prairisa of Iowa, west of the Misdssippi (Sgiired by Dr. D, D. Owens, IT. S. 
Geologist), lbs portion of which above gronud measures fitly feet In drcuEu- 
terence and twelve feet high. This and other isolated blocks upon these 
prairies appear to have l>een dropped rather tlian roUed into their present 
positdoo, and, in the Opinion of Dr. Owen, they have Iseen brouglit from ex- 
treme northern regions by iceberg?. 
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326. Theories of the Brift.— Taking all these phe- 
nomena into consideration, we become impressed with 
the idea that powerful currents have swept, from north 
to south, over all the region occupied by the drift ma- 
terial — carrying with them clay, sand, gravel, and rock- 
masses — which have furrowed the rock-surfafces as they 
passed along, abraded and rounded the northern slopes of 
mountains, and piled up vast accumulations and ridges 
of detritus. 

It is not easy, however, to refer such effects to any ordinary operations of 
water. We can conceive of no corrent sufficiently powerful to transport 
bowlders oi tons* weight up steep acclivities, over mountains, and from one 
valley to another. We know, moreover, of no sedimentary conditions that 
would permit bowlders, sand, clay, and gravel to be piled up in one indis- 
criminate mass ; while the extent of the erosion and smoothing of rock-sur- 
fiu^es that has taken place clearly indicates long-continued action. Geologists, 
fhereibre, have almost tmiversally agreed, that ice as well as water was oon- 
oemed in producing these phenomena, and, in the opinion of many, the physi- 
cal changes at present occurring in Arctic latitudes, where the land is worn 
and wasted by glaciers and avalanches, and where icebergs and icefloes trans- 
port and distribute the eroded material over the bed of the ocean, afford a 
sufficient solution for all the geological problems presented in the Drift forma- 
tion. (See §§ 142, 143.) 

The theory of the Drift, which has been originated by Lyell, Hitchcock, 
and other authorities^ and which is now accepted by most geologists, is sub- 
stantially as follows: It is supposed that about the close of the Tertiary 
epoch a subsidence of land took place in the northern hemisphere, which was 
accompanied by a great reduction of temperature ; and that, as a consequence 
of this access of cold, glaciers formed upon most of the northern mountains^ 
and, as in Greenland at the present day, extended to the sea. Large islands 
and bergs of floating ice, laden with detritus, were also moved southerly firom 
the polar regions by oceanic currents ; and these, as they grounded on the 
submerged lands, pushed along all loose materials of sand and pebbles, 
smoothed and rounded the northern sides of ledges and mountains, and, 
when fragments of hard stone were frozen into their lower surfaces, grooved 
and polished the rocks with which they came in contact When the ice- 
bergs and floes melted, their burdens of detritus — including fragments of 
rock, both large and small, which had been frozen into them as parts of 
• ^aoiers or as coast-ice— would fall to the bottom of the ocean, and, in this 
way, bowlders, as well as finer materials, would be scattered over extensive 
areas. As the land also continued to sink, the glacier and coast-ice would 

QUE8TZ0278. — ^What general idea is acqaired from a conidderation of the various Drift 
phenomena? Is it possible to refer all the effects of the Drift to the agency of water? 
What theory in explanation of the Drift has been advanced and generally accepted ? 
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be lifted higher and higher along the Bhoree^ and, finallj, be mged by the 
sorthedj currents over hOls and moontains, carrying a great amount of 
abraded material along with them. Finally, it is supposed, a gradual eleya* 
tion of the submerged lands took place, and that, during their reemergence, 
the materials which coyer them were still further modified (modified Drift) 
by exposure to the disturbmg and stratifying action of wares, ice^ tides^ and 
currents. 

Other theories explanatory of the Drift phenomena have been proposed by 
geologists from time to time, but no one of them is uniyersaUy accepted as 
ftilly adequate to explain all the &cts recognized.* 

327. Dnralion of the Drift Period.— How long the 
Drift period lasted it is impossible to determine, but 
from flie changes on the surface of the earth, which 
appear to have been made during its continuance, it seems 
to have been considerably protracted. 

Thus, in the Yalley of the Connecticut Biyer, Prof Hitchcock finds eyi- 
dence that about 1,000 square miles of sur&ce haye been denuded of sand- 
stone strata to the depth of at least 1,000 feetj while in other localities of 
Yermont and Massachusetts, rock formations, of three, fiye, and eyen ten 
thousand fcet in thickness, haye been remoyed by erosion. In the north part 
of Berkshire County, Massachusetts, according to Prof Emmons, a formation 
of slates and limestone, equiyalent to more than three-fourths the present 
eleyation of the peak " Graylock" (3,600 feet aboye sea-leyel), has been worn 
away and transported to a distance. 

328. Ancient gea-Beaelieg and River-Terraces. — ^The 
evidence of the gradual elevation of the lands of the 
northern hemisphere above the ocean, at the close of the 
Drift period, is hardly less marked than that which indi- 
cates their prior submergence. 

QuxsTioirB. — 'What is said respecting the dctratioii of the Drift period? Hare vre any 
distinct evidence of the re^levation of land during the Drift period ? ' 



* A theory adranoed hy the Profs. Rogers, and supported hy some eminent European 
anthorities, supposes the Drift phenomena to have resolted from the movement of a 
series of stupendous and rapidly moving ** waves of translation/* excited and kept in 
motion by the uplifting of the floor of an Arctic sea, and by undulations of the earth's 
crust daring an era of earthquake commotion. These ir aves moving southirard over a 
considerable portion of the lands of the northern hemisphere, and driving before them, 
with great velocity, vast masses of detritus, are considered to be agente adequate to pro- 
dace the results exhibited in the phenomena of the Drift formation. Dr. Whewell, who 
has instituted a mathematical examination of the mechanical effect of such convulsionB, 
arrives at the conclusion that if a sea-bottom 450 miles long, 100 miles broad, and 600 
feet below the surface of the water, were raised either at once or by paroxysmal lifts, 
waves of translation would be prodiused safiftdentiy powerful to efEect the dispersion of 
tha whole northern Drift. 
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Aieieflt Sca-Biaehes. — Along tbe Aores of every sea 
or ocean there exists a level margin, more or less covered 
with sand and gravel, which constitutes the existing 
beach, or sea margin ; but in many countrjpg there are 
also found, at various heights above the present sea-level, 
and following the bays or recesses of the land, similar 
margins or terraces, which are known as '^ ancient^* or 
" raised beaches," These give evidence of either an ele- 
vation of the land or a depression of the ocean, and point 
to times when the p^ and land maintained successively 
different levels. 

In Sootland fifteen such ancient coast-lines hare been enumerated; at 
some of which the sea remained suflBdently long to excavate lines of deepljjr 
hollowed caverns in hard granitic rocks. One such ancient coast-line, or 
escarpment, has been traced around nearly the whole of Great Britain and 
Ireland, at a nearly uniform elevation of thirty feet above the present seap 
level, and presents marks of greater attrition, i. c, deeper wave-hoUowecJ 
caves, etc., than the modem line. ** It therefore seems certain," says Hugh 
Miller, "that however long the sea may have stood against the present 
coast, it must have stood fbr a considerably longer period against this ancient 



one." 



In New England the remains of ancient sea-beaches have been pointed 
out by Prof. Hitchcock at elevations above the present sea-level, varying 
from less than 100 to between 2,000 and 3,000 feet. One such beach occurs 
upon the east side of Mt "Washington, New Hampshire, at an elevation of 
2,020 feet ; another in the vicinity of the Franconla Notch of the White 
Mountains, at a height of 2,665 feet The most distinct beaches, however, 
are usually less than 1,200 feet above the sea level; and, according to Pro£ 
Hitchcock, they are often in such a state of preservation "that they cannot 
be distinguished from recent beaches, except that they are sometimes much 
mutilated by erosion." Many of them also wonderfully correspond in height 
over very extensive areas, thus indicating that they were formed contem- 
poraneously. Fossil shells have been observed in these beaches in this coun- 
try at an elevation of over 500 feet above the present ocean ; burin Great 
Britain beaches containing species of shells Uiat now only inhabit high 
northern latitudes — as the shores of Iceland and Spltzbergen — ^are found at 
much greater el evations. 

River Terraces • — ^Indications of rivers having formerly run at much 
higher levels than at present, or in places where no river could now ezisty 
«re common in many parts of this country. Thus, along the coarse of 

Qmsnovs.— What is Mid oi thA. eztetenea of aneUnt iea-headies? Do sadi ImmImi 
occur in this ooimtryf 
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most €f oar rivers a niGDesfflon of temces may bo obserred, one above the 
other— each suocesstTe terraoe being reoooved fUrther back from the presenf 
water level than the one below it The number of these terraces varies from 
two or three to ten, and thej appear sometimes on both sides of a stream, 
and sometimes on only one side. On the Connectioat Biver the terraces in 
some places attain an elevation c^ over 200 feet above the present sorftice of 
the water; and on the Gl^iesee River, N. Y., of over 300 feet Remarkably 
distinct and parallel terraces or ridges of sand, gravel, etc., containing recent 
shells, may also be traced aloiig the borders of some of l^e great American 
lakes, at a considerable distance back ^m their present shores, and at ele- 
vations of from 100 to 200 feet above them. 

These terraces give unmistakable evidence of former 
water levels, and are believed to be mainly the result of 
the natural drainage of the continent, during the period 
of its gradual elevation, subsequent to the Drift epoch. 

329. Examples of river action, where no river or stream now exists, are 
also not uncommon. At Orange, New Hampshu*e, on the summit level, be- 
tween the Connecticut and Merrimack Rivers, there are pot-holes worn by the 
action of water in solid granite, at an elevation of over 600 feet above the 
waters of the Connecticut River. Similar phenomena, at even greater ele- 
vations (1,600 feet in one instance), have been noticed in many other locali- 
ties in New England. At Niagara, from the Falls for four miles down, there 
is spread over the surfece, on both sides of the river, reaching to the edge of 
the diflfe, a deposit of fluviatile (river-like) character, containing fresh water 
shells of the same species as those now found in rivers above the Palls. It is 
forty feet in thickness, and its bottom is 250 feet above the present channel 
of the river. Now, these layers of sand and gravel could have been deposited 
only by water running at their level ; and, consequently, this action must 
have been before the de^ gorge, which at present constitutes the channel 
of the river, was excavated through them. 

330. Antiquity of the Drift. — ^The Drift formation is regarded as 
marking the last of great geologic changes which have taken place upon the 
surface of our planet ; and some attempts have been made by geologists to 
calculate the absolute time that has elapsed since its termination. The most 
favorable data for this purpose have probably been obtained from the study 
of the Falls of Niagara. Thus, various curoumstances (such as the cutting 
of the gorge through the fluviatile deposits above noticed) clearly indicate that 
the Falls did not commence until about the close of the Drift epoch ; and 
that, since their commencement, they have receded — ^and eroded a deep rock 
g(ffge — ^from Queenstown, on Lake Ontario, to their present location, a dis- 

^^^^-^m—^-m I II — ^__^i„,^_ ,1 I'll i 

QxTEsnoNfl.— What are rirer and lake ternicet f Where do they exist in this country ? 
What do they indicate? Are there any examples of rirer aetioa at high ^erationa in 
fhia country ? Enumerate some of them f What is said of the antiquity of the Drift t 
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tance of aeren miles. The time reqtdred for this recession and erosicni, judg- 
ing from the most exact data •that can now be obtained respecting the 
present excavating action of the Falls, cannot, in the opinion of Mr. Ljell, 
be estimated at less than 35,000 jeara ; and, accepting this calculation as 
approximately correct, then the dose of the Drift epoch cannot approach 
within some 25,000 or 30,000 jeara of the time commonly assigned fw the 
creation and first appearance of man upon the earth. 

• 

Fossils of the Pleistocene Epoch.— -Besides marine shells 
(whidi are generally crashed and broken), the Drift deposits in many locali- 
ties— eq)ecially in tiie Old World — abound in the remams of large terrestrial 
mammalia. From the Drift of Great Britain alone, there haye been ob- 
tamed the bones of two species of elephant, two species of rhinoceros, of the 
hippopotamus, hyena, tiger, hesXj and of gigantic species of the elk, deer, 
and ox. Some of these animals we now know only as inhabitants of the 
tropics, but during the Pleistocene era (and probably before the epoch of the 
Drift), it seems certain that a species of elephant (ElepTias primigenitis\ 
known as the mammoth,* and a species of rhinoceros, roamed over the lands 
from Siberia to Britain, and that they were fitted to endure the rigors of a 
severe climate by a covering of long hair and closely felted wool. We know 
this from the wide distribution of their teeth and bones, and also from the 
circumstance, that in Northern Siberia, where the soil is permanently frozen, 
entire carcasses are not unfrequently found buried in the Drift, in a high 
state of preservation. The most remarkable instance of this kind, was the 
discovery, in 1*799, of the entire carcass of a mammoth embedded in an ice- 
diflf on the borders of the Arctic Sea, near the Biver Lena. When first 
seen by a Tungoos fisherman it was but partially exposed to view, but in 

1803 the ice melted to such an extent that the enormous carcass became en- 
tirely disengaged, and fell down from the ice crag upon a sand bank. In 

1804 the discoverer removed the tusks, which weighed 360 pounds, and sold 
them, whOo the people in the vicinity carried away large quantities of the 
flesh of the animal to feed their dogs. In 1806, when the remains were 
taken possession of by an agent of the Bussian government, the head was 
still covered by the skin, the pupil of the eye was distinguishable, the brain 
remained within the skuU, and a long, shaggy mane hung from the neck. 
It was also ascertained that the skin of the body had an abundant covering 
of hair and reddish wool, indicating that the animal was fitted to resist a 

QciSTiOKB. — Axe there any data -which alloir ns to approximately estimate the time 
that has ^psed since its termination? What fossils hare been found in the drift de- 
posits? What ezUnct animals inhabited Northern Europe and Asia daring the Pleisto- 
cene era ? What evidence have we in relation to this point ? 



* The mastodon and the mammoth, irhich are often oonfoanded by those not fatwiiUy 
irith geological researches, ir ere distinct animals. The former was an animal allied to 
the elephant, yet differing from It in some respeots— espodaUy in the form of its teeth ; 
the mammoth, on the contrary, iras a tme el^haat, but of a different spedes tram tbe 
elephant of the present epoch. (See Figs. 196, 196.) 
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cold climate. This skeleton, with portions of the skin and hair, was trans- 
ported to St Petersburg, and maj now be s^n in the mnseum of the Imperial 
Academy of that city. Other similarly preserved carcasses of mammoths, 
and of a species of woolly rhinoceros, have since been found In Siberia^ and 
in many localities in that country the bones and tusks of the former animal 
are so abundant, that the collection and sale of fossil iyory constitales a 
regular business.* 

jSome idea of the nimiber of mammoths that formerly roamed oyer the land 
of the British Islands may also be formed trora the circumstance, that the 
fishermen engaged in dredging for oysters on one limited tract of the English 
coast (that of Norfolk), brought ashore, in the course of thirteen years (fhnu 
1820 to 1833), no less than 2,000 grinders or teeth, besides great tusks and 
numerous portions of skeletons. 

331. Ossiferoas Caverns. — This name has been given to 
caverns — ^found in ahnost every quarter of the globe — 
-which contain accumulations of fossil bones embedded in 
hardened mud, or in layers of stalagmite which have been 
deposited upon them by water dripping from the roofs of 
the caverns. 

These bones have been derived, in part, from animals that lived and died 
in the caverns, or from carcasses of animals that were dragged thither and 
devoured by camivora, or were possibly drifted in by waves and currents^ 
while the sea and land stood at variable levels. 

In Europe many remarkable caverns of this character have been discovered, 
and their exploration is a subject of high geological interest. From a cave 
at Kirkdalo, in Yorkshire, England, parts of the skeletons of between 200 
and 300 hyenas have been obtained, besides bones of a species of tiger, bear, 
ox, deer, horse, mammoth, rhinoceros, and hippopotamus. In fact, the cave 

QunnoNS. — ^What are ossiferone cavernB? What is the assumed oiigia of the bonea 
found in them ? 

* The diflb of frozen clay and gravel, that line the Arctic coast of Siberia, are described 
by explorers as being the repositories of vast quantities of bones of extinct animals. 
Capt Kellet, vrho commanded <me of the expeditions in search of Sir John Franklin, 
states that at Eschscholtz Bay— a locality a short distance south of the Arctic circle— 
which he visited in 1850-51, the fossil bones of animals are so abundant that huge tusks 
and horns not unfreqaently project up through the soil, irhile the soil itself, vrhea turned 
over, " exhaled a strong and disagreeable odor, like that of a veil filled cemetery.** Capt 
Eellet obtained from this locality the remains of the mammoth, horse, moose-deer, r^< 
deer, bison, musk-ox, the big-homed ram, and of some cetacea (whales, etc.). 

The theory in explanation of these facts, advocated by Sir John Bichardson and other 
geologists, vrho have given the sul^ect attention, is, " that Arctic Siberia was once 
▼armer than now, and actually produced a regetation sufficient to support a vast crea- 
tion of herbirorous animals, such as we now find the remains of; and that by some 
catastrophe— some vast deluge or wave of succession — they were suddenly engulfed on 
the shores of a sea where they had their pasture-grounds.** 
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«eMBB to hBTa been a den of hyenaa fbr agea prerious to the Drift, during 
iriiicti epoch iU entruice was Aaked up b/ detritui and ramMBed un- 
noticed uattl tlie j«ar 1321. Anothar similar cave, at Torquay, England, 
which seems tcHiave been sucoesiiTeJy the den of bTenaa, beara, and amaller 
oamiTora, haa yi^ed the. remuna "of more -wild beaats than would hare 
peopled all tbe menageriea in the irorld." Tram one ccHnputumt of tlua 
oave eome thoDsands of teeth of the hjena, the bear, imd the horae, hare 
been gathered ; in another, tbo floor, Sx several feet in depth, is oompoeod 
almoet exolnairdy of g[nawed fragments of bone ; while bones prpfectiDg 
above tbe stiff soil of tbe cave have been actoall? worn Einooth bj omtact 
with tbe feet of tbe h;enas paadng in and out. Other remarkable cavema 
have been discovered In Franca, Qerman}', ICalf , Australia, New Zealand, etc^ 
and from caves in the vicinity of Palermo, Sicily, eepeiaaUy, the booee of 
the elephants and hippopotamos have been obbuned in aoch numbers tiiat 
Bbip-loada of tbem have been sent to foreign cxinntriea fbr agricultarBl por- 
poaes. Fig. Z05 rqireeents a vortical section of a famous txme-cave, at Gai- 
korentb, in Germany, the Soor ot n-bich is literally paved with fossil bones 
■ikd teeth, embedded in layers of stalagmite. 

Fio. 20S. 



Uany of these oaves are certainly of vast antiquity, inasmuch as thur 
lower Qoora oRfiQ contain the remans of Pliocene animals ; the middle de- 
poat^ the remains of true Pleistoceno species ; while the upper layers of 
mud and atal^mite, not unfraquently inclose charred wood, rude stone im- 
plemeotf^ and bones of the human race. Their epoch, therefore, as reapecta 
their Mganic remidns, must be r^arded as partly Tertiary and partly recent. 

332. Iq tropical and sub-tropical countries, where the 
influenceB 'which, produced the Drift formation of the 

(ineTiom — 'Wtist tie extiopUisf renuirkobla l»n« eaTsmst Toirbut perjodi of 
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Korth did not prevail, the deposits of the Pleistocene era 
fonn an antnterrupted series witK those of the preceding 
Tertiary ages, and sre similarly characterized by the pres- 
ence of numeroua and varied fossils, and especially by the 
remains of extinct mammalia. 

Ib Sontb Amaica the deposila of Sna sediiiieiita qtread over the great 
pl»D3 known aa the " Pampaa" (which appear lo have boen sabmei^ged dur- 
ing the Pleiatocene em) have yielded the remaina of many colossal extinct 
quadropedl^ the m^ritr of which appear to have belonged lo tlie order 
BfenJaio — an order whieh is represented at the present day by tlie sloths, 
armadillos, ant^atere, etc The largest and most remarkable of IIr-bo ex- 
tinct animals was the so-called Mtgatherium (Gr,, /K/of, great; aod Oiipiov, 
ommai), which resembled, in many respects, tho sloth, but was perfectly 

Fio. 206. 



colossal in its proportions — ils body being from e^bt to twelve foet long, 
sevea lo eight feet high, and having a breadth across the haunches of at 
least five feet. Its thigh bone was three times as large as Oiat of the elat 
phant ; its tail, nearest tho body, was nix feet in circumference ; and its spinal 
toarrow, judging from the opeaing in the vertebne, most have been a foot in 
oircnmference. Its fore-feet were » yard in length, by twelve inches in 
iireadth, and were terminated by gigantio claws, set obhquely to tlie ground, 
like (hose of the mole — a position which would render them dicing instru- 
menls of great power. Fig. 206 represents an entire skeleton of this animal, 
(bund in 1789 near Buenos Ayres, and now preserved in the Royal Moseum 

poMd lo the Drift igencrf Wh«t reniirk»lile foBrtli hiTo been obtainoa from ths 
•■ Puspu" ot BoDtb Am«la t . DcMriba tba ICspUiulun. 
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of Madrid, Spaio. Notwittatsnding ila great rize uid BtrungOi, the Hega- 
therium la ahown by the Etmcture of ita teeth to have been an herbivorooi 
onimal, and, probably, lik« the preaent slotha, fbd CD the tender atemg, 
leaves, and roals of trees. As its wejght and Blniuture would not bHow it to 
dimb trees like the sloth, or barroir like the mole (frhidi it also Teaemblei 
In some respects), it ia snppoaed that tbe animal loosed and cat the roots of 
trees with its powerfnl claws, and then, supported on its hannchea and eDOT- 
mooilj thick tail, pnlled them down with its tbre limbB, aided bj tbe great 
wdght of Its bodj.° 

FiO. a07. 



The U^atberiam appeals to haTO flourished in great ntunbers on tbe viat 
jdalns of South America, and aDUie traces of it have even been found aa &r 
north as Terss, Oeoipa, and South Carolina. It.was associated with a numr 
ber of other colossal animals of a aJmilar character ,' one of which, called tbe 
Myhdrm, was but little inferior in size. Fig. 201 represents a restored ap- 
pearance of the Mylodon. 

Qmanom.— HsTs ira 11117 erldaikce U»t uilmkli allied to llw Iftsillivtam exMed at 
tU< «poDli Id Hortb America F 



ill HtpiKialllgn liu reealnd t df^trce af omlnutloB, from lb* Dnrloaa ebm: 



eT the finding of ft ikDllsf one of tbt grut JCe|atb«nld utliwla (Iba H^adon) In Sovtt 
Amerlii*, irhlsh hid been frutorad lon^tudinillj In t*a plues, am of vUch (tactnrM 
n> ulfnlr. wd the other pirtlenr hailed. Al there vu prDbibly no uiliul tboi 
Urlns In the conntrr at tba ktagitbailnm, *biiJi htA Ibe iblUtj or irfU to mika inch a 
ironnd,ttliubeeniaiiinMdta th* fiUUng of a trM ithioh ths Urlodon ptobiblj nsdMV 
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Towards the dose of the last oentoiy ex-President Jefiferson called atten- 
tion to the occasional disooyerj, in the limestone caverns of Western Tiiginia^ 
of hnge bones, which, fixHn the large size of the daws attadied, he supposed 
must haye belonged to a carnivorous animal Since then other bones of 
similar diaracter have been disoovered in Kentucky, Tennessee, Mississippi, 
Alabama^ and Brazil, and a sdentifio examination of them has shown that 
they are the remains of an extinct sloth-like, herbivorous animal, to which 
tiie name Megalonjx (Gr., fieyac, great; and owf, daw) has been given. It 
is supposed to have resembled the H^atherium in form, and to have been 
of about the size of a large ox; — using its claws (some of which were about 
seven inches in length) to loosen and pull down trees, in order to feed upon 
their leaves. It was contemporaneous with the Mastodon and Mammoth in- 
the TaUey of the Mississippi, and possibly survived them. 

333. As has been already stated, the Drift formation in North America 
does not extend as far south as the Southern or Gulf States; and this sec^ 
tion of the country, during the submergence of the more northern portions 
of the continent, appears to have been the home of a great number of extmct 
species of quacbrupeda^ as the horse, bison, hippopotamus, elephant, masto- 
don, megatherium, megalonyx, and others ; since we now find the bones of 
all these animals in the latest Tertiary strata of Georgia and -South Carolina 
mingled with shells of the same species with those at present living in the 
neighboring waters. 



POST-TERTIARY, OR RECENT EPOCH. 

334. The Post-Tertiary, or Recent system, embraces all 
the superficial geological accumulations and changes that 
have taken place since the close of the " Drift'' formation, 
or since the present distribution of land and sea has been 
established. It, therefore, carries forward the geological 
history of the earth to the present time, and introduces 
us to the existing order of things. 

It is, however, difiElcult^ perhaps impossible, to draw any distinct line of 
severance between the deposits of the Pleistocene and those of the Post- 
Tertiary epochs. Both formations insensibly grade into each other, and no 
sadden and decided changes in the forms and conditions of life took place at 
the termination of (me or the conmiencement of the other, as occurred, appar- 
ently, in the transitions between the older systems. These &cts are strikingly 
- 

QunnoirB.— What geological aocnmuUitlona are Indnded in the Post-Tertiary or Beeent 
qntem f What is aaid of the connection of the Post-TertiAry depoaiti with thoM of the 
pnoeding aimsf 

14 
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iDiiitoKMiaib»<i^«KAk<)r"UaAv" irWnh IrnHfrtlii Mlw^iijuinriiii 
from Batoa Bouge^ in LodiUa«| m tar north m Kentucky, and rise to aa 
6l6¥ationQffrom60to260feet Hnr m hiTtt a grariiwllj TuiTing ■Tinnrffiyii 
of strata idiieh unite d^raaita of the Eooene i^j^ containing bones of tha 
pate ot h eri um, at the base of the oliffii, with thoae of the PleistooMM^ oontun- 
ing bonea of the extinct ma s t odon , near the anmmit; while these last^ agaii^ 
are oof^eied b j, and blend into^ modem fluTiatile di(posits^ whioh entomb the 
bones of bnffidoes^ bear% raooooD% o|K>ssama, beayer% and other animals still 
existing upon the Ckmtinent. 

335. The accumulations of the Post-Tertiary epoch, 
although sup^cial and scattered indiscriminately over 
the surface without any determinate order of superposi- 
tion, assume, nevertheless, when taken in the aggi^ate, a 
geological importance not at all inferior, so &r as amount 
is concerned, to any of the older stratified formations. 

Hie J ooDsist mainly of days, sanda^ grayelSy and maris — which, as the pio- 
docts of the ordinary operations of water, are often oollectiTely termed ASn- 
Timn*— of peat-moasea^ infUaorial deposits, calcareous and siHdons to&s, 
ooral-ree&, shell-beds, and yolcanic accumulations. The *^ raised beach^ 
and " river terraces," described in connection with Pleistocene deposits, are 
also probably referable in part to the Post-Tertiary system. 

With the excepti(Hi of volcanic lavas, limited deposits of calcareous and 
sQidous spiinga^ some consolidated sands, shell-beds, and coral-reefi, the 
Poet-Tertiary system does not include any solid (or rock) strata. 

It should be also here remarked, that many of tUo deposits of this system, 
which we term "SecerUf" are only so in a geological s^tse, or as compared 
with those of the epochs already described, inasmuch as the time lepceaented 
l^ their formaticHi undoubtedly extends ovw a period of many thousand 
years. Thus» we include in this Giystem the " delta formations" of existing 
rivers (see § 164), which are often of great thickness — as, for example, the 
Delta of the Ganges, which, in the vicinity of Calcutta, has been ascertained 
^ boring) to consist of successive layers of day, marl, and vegetable mattoi; 
of at least 480 feet in thickness, and all abouniUng with the hemes and sheUs 



QuB a woaa .— What to lald of the importeamof the ateanralatloiii of ilw FMt-TtetiAi7 
■jilwn, 00 fiff M tbeir rel«fclTtt Miioimt ia coMeniodT Of irbftt do the/ malalj ooniMf 
Do fhej indade anj lolid strata? la irhat mum do we UM the word **r0O9fit,** at i^ 
pBed to the formations of thla era? 



* Some anthorltleB (as Hitchcock) eonrider and designate sH aqneons depodts formed 
BQbseqnent to the Tertiary epoch as aUaviaL Others (as Emmons) restrict the term to 
tilM **^washed'* accnmnlations of sand, gravel, and earUi, fbond i^on the hanks and 
months of rivers. Lyell defines alluvium to he ** eartli« sand, grarel, and other trans- 
ported matter, which has been washed away and thrown down by rivers, floods, or other 
causes, npon land not permanently submerged beneath the waters of lakes and seas.** 
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mVBBBttmwBBuLwntBi^YtiVBibif^^ ngpMiij TO> wBowMw flwaamt moiiyit 
dDva 137 ^e lHaslis^ to the Gtitf of Meodoo has boett shown, l^ ICe. Iqp* 
Aay, an omiiieiA enginMTy and I^. Biddell, <^ Nefw (Means (ftom oiiBirv«» 
tfoBS «rteii^g ttBOQi^ thirty yean), to be between three and ibiv thonsand 
a^mi eabio ibet aD&naSy ; aad jet at this rato it moit have reqoked, ac»» 
aoordltig to Mr. I^^ « period of at least 60,000 sreani fx tbe rivtw to Yaim 
boilt up the great aoeqnralatkps of aUu?iam wtakdi make «p ite Deha.^^ 

336. Ltfe Fettiret of the Pott-Tcrtitrr Epoeh.--Witli 
the exception only of man, we know of no reinaitable 
Cving generic animal forms that may not have been in 
Qxifttence upon the 8ur£Ebce of the earth at the commence-- 
ment of the Poflt-TOTtiary epoch. 

Some spedea of animalF^ howeyer, whidi are Imown to have been abundant 
at the commencement of this era, haTO since become wnivtrsaJO/y extinct, 
wlule others have experienced, as it were, " local extinctions," or, in other 
words, haye entirely disi^peared or remoyed from conntiies and areas that 
were formerly inhabited by them. 

331 Epoeh of the Mastodon in Horih America*— -The most 
interestmg of the animals, that hoye reoentiiy (in a geological sense) become 
extinct, is^ probacy, the great American Mastodon (mdtMhn gigmUetts), 
which, in connection with l^e Mammoth, or foei^ Elephant {d^fiias primi- 
geidtts), appeaiB to haye attained a great nnmerical derelopment upon this 
continent at about the dose of tho Fleistooene, ae the commencement of the 
Post-Tertiary epoch. G^logists are enabled to det^ndoe with certainly the 
age at which these colossal herbiyorons animals existed in this conntiy, &om 
the drcmnstance that their bones are found in a partially petrified, or sub- 
fossil stote^ m superficial depocote^ lying aboye the Drift formation — as, for 
example, in peat-bogs, or the mud and marl deposits of existing ponds and 
kkee^ the origin of which, it would seem, cannot extend &r back of tho in- 
troduction of man upon this continentf 

QtneBTXOirs.— Wbat Heia prora the great uttiqiilty of some of the Post-Tertiuy de- 
posits f Whatissaidof the life features of the Fost-TertUry epoch 7 What inttfesttng 
Mifwifcia hare heeome extinct in this coontry irithin this epoch? 



^TtetfMof tlM DtHa of ih» Mtwissippt is esttmated at 1M0» sjaags nttss, aat 
taciics hw* tocft nada lA it to the dcftk of 600 Jb«L 

t floBie httva tho«|^ that tha mastodons and maanaoths did not baeama antlrely «e- 
tfnetln tUa oos^xj nstU after the adyent of man, and fiad a snpport for their opinioa 
In ysdOBi traditions of the Nortii American Indians, wfai^ r ep re se n t their ancestors as 
irarring against eertain colossal animals, vhich are descrihed as '* trae- eat ers," and as 
nerer lying down, hnt leaning against a tree when they slept. Sir Charles LyeU, how- 
errer, after a reriew of aU the facts in the case, has arrired at the opinion that the period 
of the eztiaction of the mastodim, althoni^ geologicaUy modem, most hare heen many 
thousand years ago. 

The a^d of the Eoiopeaa mastodons was prohaUy earlier than that of tiie Aiawinan, 
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Jndf^ flnom the distribtrtioQ of ti&eir bonei^ the maatodons appett to 
have existed most nmneioasl3r in the yaUeTS of tiie Ohio and Mifisiasii^ 
and from thence, to have roamed as £Eur to the northeast as New York and 
New England. Their remains, however, have been bat rarely foond in New 
iBngi<»«<^i and it has been conjectured that ^e Hndson Eiyer may haye acted 
as a banier to their migrations. The mammoth (or fisesil elephant) appears 
to haye roamed oyer tiie same tenitoriea oontemp(»aneoaaly with the masto- 
don, but in mnch smaller nnmbers. 

Ill the Western States the bones of these animals are fomid most com- 
monly in the low places aroond the salt licks— spots that are stall firequented 
by deer and other wild animals that come to " lick" np saline waters. At 
one soch locality, in Kentucky, known as the ^'Big-Bone lick," about twenty 
mQes soathwest of Cincinnati, it is estimated that the bones of 100 mastodons 
and twenty mammoths haye been dug up, together with the bones of tiie 
megalonyx, buffolo, deer, and other animals. 

The most complete skeletons of the mastodon haye, howeyer, been found 
in swamps and peat-bogs, in the States of New York and New Jersey, in 
which the animals were probably accidentally mired and suffocated.* The 
finest and largest ekeleton in existence was discoyered by some laborers en- 
gaged in digging marl from a swamp in Newburg, N. Y., in tiie summer of 
1845. It occupied a standing position, with the head raised and turned to 
one side, and the tusks thrown upwards — the positicai natural to a quadru- 
ped when smking in the mire. In the place where the stomach lay, and 
partially inclosed by the ribs, there were found about seyen bushels of y^^ 
table matter — u e^ bruised and chopped twigs and leayes — which,. without 
doubt^ represented the food last eaten by the animal Some of these twiga^ 
subjected to microscopical examination, proyed to be those of a coniferous 
tree^ probably the white cedar. This skeleton (represented in Fig. 208) was 
purchased by the late Dr. John C. Warren, of Boston, and is now preserved 
in that city. Its dimensions are as follows: — ^Length, twenty-five feet; 
height, twelve feet ; length of tusks, ten feet The total weight of the bones, 
is 2,000 pounds, and so slightly changed are they, that they still retain a 
lai*ge proportion of their animal matter. 

QUBBTI07V& — ^Wlukt geological eridenee enables na to accaratelj determine these facta? 
In irhat portions of this connby do the mastodons and mammoths appear to have existed 
in the greatest number? In irhat localities are their bones nsnally found? Describe 
the drcumstanoes of the discoreiy of the great Newburg mastodon. 



their Mmains, mi before stated, having been fnmd somewhat abnndsatly in Terllafy 
strata, as low down as the Miocene. The remains of the E^UH^ean and Siberian tfrnat^ 
moths are also found embedded in the Drift formation, while the remains of the Amerl- 
^ can mammoths, according to Prof. Bogers, are invariably found abore the Drift It 
may also be here remarked, that it is generally conceded that the American mastodon 
(mastodon gigsnteuA was of a ^eeies peculiar, and restricted to this country. 

* Elephants at the present day in Afiica become frequently entan^ed and su£Ebcatod 
in the swamps ai^ mnd-holes which fhey have entered for the purpose of wallowing. 
At a recent meeting of the Boston Society of Nttural History, an instance of a condder* 
able number of elephants having been thus swamped and buried, was oommaoioated by 
one of the American mlsrionariea stationed at Gaboon, West Africa. 
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In soms tnstancea there luive been fband, In cooaection with the Bkeletona 
of the Amencui maatodoiu^ tulla of hair, of a don hrvrra cdor, Tarymg in 
length &om two to saren inches— thus indicatiog that Hie animal, lilce the 
Sbeiiau mammoth, might have beea Qtted to endure a, climato oonaiderably 
colder than that in which the present elephants live. 
Fia. 308. 



33S, DlnorniH, or Extinct Birds of Dew Zealaad.— ^AJlol]le^ 

interesting example of the extinction of a race of animals, within a compaia- 
tiTelj Koent period, baa been afftwled na by lecent discoveries in New 
Zealand, the history of which fimiishea a beauUfhl Ulaatrationofflie law first 
tSaboratai by Carier, thai all the parts of an siiimal'a Btructure coireipODd 
and «ie mutnalljr dependent npon each other. (See § 303.) Thoa, in 1B39, 
Professor Owen, the eminent English companttiTe anatomist, received from 
New Zealand a ftagment of bone, dx inches long and broken' at both ex- 
tremities, which had been dng ftom a deposit of rive^m^]d. Applying to 
this Qagment the principles of comparative anatomy, he airired at the con- 
<Jn^n Uiat it once formed part of the leg-bone of a ^gantic and unknown 
bird, Bomewhat resembling the ostrich, bat larger and heavier. This opiaioa, 
which was at Siat reoeived somewhat doubtUigly, was, in 1B43, confirmed 
1^ the discovery of a large nmnber of similar bones ; and it is now fiilly 
proved Oiat there existed, In New Zealand, within a comparatively recent 
period, great nomben of bird^ whose tracks would have been as large ta, 
or larger, than the largest finul bird-tracks found in the Talley of the Coo- 
necticnt River, and whose height, in some instances, must have been ten, 
and possibly fourteen or uxteen feet* From the bones already collected'* 
Quuuuiil.— mat li knan nspeeUng tlia nont axtineUai oT ■ run of Urdu fn N«ir 



Utha time of tils ant tUMoretr of tlw Uteb r<M^ rootprinU of Urda on Ue lud- 
Blof thaTuDey of Uu ConnecUcat Uver, Hino geoIogUU urged. ■■ u irgnnieat 
Hit Itudr gwolnAiiei^ that It nnld 1>« tmponnilB even to Im^ne the eilaL«an of 
■i of nab MDpoiiIxu ■!» u would be iSQiiIiod tdi tlie pioductloo of tha lug»t 
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(and within Om laat few jeaia entlie AcHMoiia have bwn fitoad) ProC Oven 
haadetermuied UwbniiwexietenoecfeleiTeDapedteoribaMbJrd^ ofvaii- 
ou wtea, which he hu nfcired to OM -grao^ under Cl)» name of IhHerau 
(6r., ^(Mf, (R-rAfe; and ^pvir, a Unl). Ther af^ner to have been deetibde 
ofwiDga, to have had a powetftil adz»lika beak, ke-twoes aa laige ae thoae 
of an ox, md to»-bonea oeerlj equal to thoae of an elqthant It ia alao a 
onikna dronnataDce that the lurtlTee of New Zealand recognize theH bc»ea 
'aathoMofAbicdi which ttH7Mll the Jbd; wd frnii the fiwt that the bonea 



. are amaHj fbnnd aUglitly buried in the nmd of riven, or ia caves, and an 
■ometimea asaociated with charred wood, and the bonea ot man, it eeems 
elmoat oertain that they lived during the human epoch. FniC Owen in^s, 
lh» flw fbna of tiie akall, and Bom» other jkhdIb (^ their (toadaMk that th^ 
were sloggiBb, atapid btrdB, hviug on roots, and wiHioot tho inBtisd, or per- 
hapa the ability, to escape^ or defend themeelveB. Fig. 309 r^msenta the 
appearance of a akeleton of one of the largeat apedes of the Dinomia. 
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339. BitiBiit Bird «f HAdKfaiaar^^inoe 18M l^tttbam been 
MoeiTed in Eunq)a, &om Ota IiUnd of Uadaeaaow, the booM of anotba 
gigantia bird, whioh tm quite m larga, and foaOblj loiter, than the UnBeat 
Diooniu of New Zealand; and wh»t h elill mora oariou^ tbets bara bean 
also £>uad in oooueoCion with tbaas booee, in a deposit of noant allUTiain, a 
nomber of enormoaa ^sps, wMdi ara bcliered to belong to tbe «ame UKL 
Two of theae cgga, and the tegmenta of a third, ara now in tbe mosenm of 
the Jardia dn Flantu, at Paris. 'Hie dinMnwna of one of them ara a* £>l- 
Iowb: — IiUf^ circumf^renoe, two feet mne iucbes; largect diameter, ona 
' Sxit, one and three-fbortlL inobea; amalleet diameter, eig^t inches. Tbe 
thidoieMof tbe ahell of this egxia about an aghUi of aniudi; itaotvafft;, 
about eighteen Engliah junt^ or eix times tbe gross rcdtune of an ostndl's 
e|K..(K lis times tbat cf an ordinaij ben's egg,* 

FiQ. aio. 



340. Dodo. — Wlien the Island of Uauritios, in the Pacifli\ was dis- 
coTBTOd, in 1698, a bird called the Dodo, condderably larger than a swan, 
and weighing about flftr pOQuds, was so abondant that it coostituted an im- 
portant portion of tha food of the inbabitants, bat within tbe course of a few 
yeaiB it became eotirely exdnct, and its bones are now found adlj in the 
recent ailliiTial depodta cf that island. Two heads, a Exit, some feathers, and 
a few ptuntiogs^ have, however, been preEwrred in the moaeoma of Europe, 
and Omm now constitute tiie only prooft of the extstence of a large tnr^ 
which was certainly living within tbe last SOO years. Fig. 210 represents 
theappearaneeof UieDodo. v 



utunllRt. CDtiBlden It qnltA pral 

ITS hid ■□ eililsiiH vlthtn tha hMoHn pnlad, 

em lUTf sr lb* itee. (B« " AnUin Mtibli.") 
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ki Wi^^land, at tbe time of the invBOon of Joliai Onear (2,000 yean ag(^ 
of three distinct species of animals — i, &, two gigantio qieoies of ox, and one 
ofthereindeer— all <^ which are noW| however, eztinet In Lrdand a large 
(qiecMS of eUc became extinct^ piobahlf not long after the idand was inhal^M 
by man. 

841. Examples of the local extfaiction*of animals, or theh* entire disappear- 
ance from areas fi)rm6rly inhabited by them, are common and fiunHiar. Tn 
Ghreat Britain the wolf and the beaver have become extinct within the last 
300 years. The " Gkeat Ank," <^ Northern Pengnin, "v^iich was fi»merly * 
abnndant on the coasts of Iceland, Greenland, and Norway, is not certainly 
known to haye been seen since 1844. In this country, eyeiy one is ihmiliar 
with the &ct, that with the removal of the forests many wild animals htBfe 
almost entirely abandoned the regions £Mrmerly freqaented by them, and 
have moved westward. According to ProC Owen, some animals, occupying 
drcomscribed provinces^ which are being broken in upon by new conditionfl^ 
may also be regarded as rapidly tending to extinction— as, for example, the 
musk-ox, or Arctic buf&lo, the beaver, kangaroo, ostridi, and possibly the 
elephant It is thus evident, that while the inorganic materials of our planet 
are bdng worn down, shifted and reconstructed into new arrangements, its 
vitality is also undergoing corresponding modificationfl^ redistributions, and 
even extinctions. 

342. Epoeh of Han. — It is from the superficial deposits 
of the Post-Tertiary, or Eecent epoch — namely, the peat- 
mosses, alluvial sands and clays, cave deposits, coral and 
shell conglomerates — that the geologist first obtains un- 
mistakable evidence of the existence of the human race 
upon the surface of our planet. 

As r^ards the exact time, however, when the creation 
and first appearance of man took place, geology gives us 
no definite information ; but this much may be safely 
statei}, ^^that the scriptural record, in which man is re- 
presented as the last horn of creation^ is opposed hy no " 
one geologic fact" 

Furthennc»re, the fiur presumption, reasoning from geological evidence 
alone, i&, that man was not called into being until after the commencement 
of the present geological ^a, and until after th^e time when, in the north- 
em hemisphere, the sea and land had received their present configuration, 
and were peopled by those genera and speoieB. whidi yet inhalnt their lands 
and waters. 

QmBmoNS. — Wliat other ioBtancea of the total or partial extinction of anlmalu, within 
a comparatively recent period, can be cited f In what geological formations do we flrtt 
find evidence of the existence of man? What inference can he fairlj drawn firom geo- 
logical iDvestSgations respecting the comparative antiquity of the hnman race? 
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Uany InterectiDf ezanpleH oT the d i aeo vet y of the ranuuus oT maa in a 
tnil7 IbaaQiEed state, or under conditlom wbitJi gtre them an antiqpit^ an- 
terior to that oi taj d^nil« pefiod of history, are on Mcord. Urns, on the 
site of tka dty (^Glasgov, there have been dng ap, wnce 1781, fttmi a cod- 
iiden^le depth, three rude canoee or boate, one of which repoted on a iDed 
rf sea-Band, a qoarter of a mile from the pjg 211. 

river Clyde, and tventj-six feet above its 
present Iiigb-wBter lereL lit. Bob^ Cbam- 
ber^ of Scotland, who investigated the cir- 
comstaoces of these discoveries (the last 
bMnginlSU), states " that we have scarcalj 
an attemaliTe to the Boppo^on, that wben 
these vessels Ibnndered, and were deported | 
where inmodem tjmea they have been fonnd, \ 
the Krth of Cljde was a sea, several mites 
wide at Glasgow, and covering the site ai a, 
portion of the city."* | 

Within the preeent ceutory there have 
beenobtained,b)mthe coast ofGuadaloape, I 
one of the West India islands, embedded 
in hard, compact limestone, a number of 
fragmentary human slEeletona, one of which | 
(see F%. 211) now constituteB a coispicu- 
ous leisure of tlie geological colleclion of 
the British Museum, while portions of 
others are preserved In the Museum of 
the Jardin dea Flanles, at Paris, and in the 
Museum of the Uedical CoUege of Charles- 
ton, S. C. When these ibssil skeletons 
were first discovered, thay were regarded by 
some, as constituting of themselves, ample 

evidence of the existenoe of the human race during a remote geological 
epoohj but a careflit examination of the rock inclodE^'the bones, has sinoa 
shown, tiiat it is of very recent origin — of a variety, in lact, that is even now 
continuaUj in the process of formation (see § 6(i)— being composed of minute 
fragments of shells and corels, of species now inhabiting the adjacent seas, 
ground down by the waves and consolidated along the sea mai^n. The fhct 
that the same rook has been also found to Inclose fragments cf pottery, stone 
anow-beads, and piecea of carved wood in a high state of preservation, fur- 
ther identifies the age of these bones as historically recant, and rendera it cei^ 
tain that thej are the renuins of the ancient Indian inhabitantB of the island. 

Qunnoi.— Ara tbe remilni «t man stb foond In ■ focdl itats t 
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Bel Europe the woika and bones of maa haye been cibeik found in eMrerni, 
embedded in mud or lajecs of staltigmite, and in snch dose proxiraity to tbe 
mnains of foesil animala that some have supposed that repces^itatives of 
the hnmaa laoe mnst haTe lived oontemporaneoosljr with the extinct speoies 
of the Tertiary epodL A careM investigatioa of all the phenomena hasi 
however, in almost eveiy case, entirely dissqsated any i^wch oonolusicms, <^ at 
least rendered them extremely doabtftiL 

343. Eeonomie Frodnets of tbe Tertiary and Fost- 
Tcrtiary Systems. — ^In an economic point of view, the 
materials of the Tertiary and Post-Tertiary systems are 
of vast and universal value. 

They indude, for example, most of the clays used for pottery, bricks, 
and other fictile purposes; the supplies of silicious sand used for glass- 
making, the preparation of mortar and the molds of metal-smelters ; and the 
gravels used for road making. In this country nearly all the fine days suit- 
able for pottery and modeling, are obtained from Eocene and Miocene Terti* 
ary deposits along the Atlantic coast — espedally from Martha's Tlneyard^ 
Long Island, and New Jersey — ^while the coarser clays of the northern and 
interior portions of the country, which are extensively used for brick-making, 
are, ibr the most part, referable to the Drift fbrmation. Great accumula- 
tions of coarse sand and gravel are also almost eveiy where characteristic 
materials of the Drifb formation. 

In California^ Australia, and the Ural Mountains, drift, or fluviatUe sands 
and gravels, are the main repositories of gold; and in Brazil and India, 
of gems and precious stones. Peat and marl are other familiar economic 
products of the latest geological formations. 



CONCLUSION. 

344. In the sketdi of the geological divisions of the earth's crust, embraced 
tn the f(»egoing chapters, not a thouscmdth part of what might have been told 
respecting the ancient history of our earth and its inhabitants has been given. 
Suffident) however, it is believed has been stated, to enable the student to 
obtain a general and comprehensive idea of the most nnportaut fiicts and 
theories which have resulted from geological studies and explorations, and 
which are now recognized as constituting the fundamental elements of geo- 
logical sdenoe. 

Turning back the record of the earth, as revealed to us in the successdve 
groups of strata which compose its crust, one cannot fail to be impressed 
with the idea that there has been a continual progress in the condition of 

^ ■ I ' !■■ *m^ — . ■■■■■■ ■»■■■■■■ !■■ ■ I f H I ■ I ■ ,1, ^ ,,. ■ T^ ■ ■ ■11 |> I ■■ I ■ !!■ ^111 ■ ■ »ll.. I ■ 

Qux8Tioif&— What is said of the eoonomie ]Hro4actB oi the T^tiary Mid Post-TerUarj 
systemB r Ennmerate some of these products. 
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0W planet, whereby its sor&ee has beoome graduallj fitted finr the existence 
and dev^pm^t <^ hig^w forms of aivznal and vegetable life, and that these 
have i^peared «t oiocessiye epochs, as if bj special acts of creation. ThuMf 
At one gta8;e of the earth's histoiy— -the «ra of the Metamorphic rocks— plants 
and fuiimals do not appear to have existed. It is true, that the evidence oo 
tiiis point in merely negative, and the geologiBt ccmmt $ay wUh certakUy tiiat 
life was not coeval with the globe itself; but the fair pre^unption, fiom a 
great nmnber of &ct8 is, that the earth, anterior to the epoch of the d^>osi« 
tion of the Huronian or Cambrian roclcs^ was not in a condition to supp<^ 
life imder any <^its fonns. 

As we aeomd higher, however, in the series ci strata, we find vestigee of 
orgmc bemgs — first, in the rocks at the base of the Silurian system* Among 
plants, we have first sea-weeds^ and afterwards, in the Devonian and Car- 
boni&rous systems, land plants ; — ^fems, dub-mosses, and gigantic endogens 
predominatmg in the coal-measures; palms, cycadaceae, and pines in the 
Oolite ; and exogenous or true timber trees in the Tertiaiy and current eras. 

In the animal kingdom, we find evidence that zoophytes, radiata, moUusca^ 
and articulata existed for ages in the broad seas of the Lower Silurian epoch, 
before there were any higher forms; — all, however, being perfect of their 
kind, and as admirably constructed as any representatives of the same orders 
now peopling existing seas. 

Next to these invertebrata appear, in the deposits lefb by the waters of 
the Upper Silurian and Devonian epochs, the first vertebrate animals, in the 
form of flsheei After these come land animals, of which the first were rep- 
tUes, universally allowed to be the type of animal life next in advance from 
fishes, and to be connected with the latter by the links of an insensible gra- 
dation. From reptiles we advance to birds and mammals, which last appear 
to be represented in the commencement by the lowest forms of their classy 
viz., the Marsupalia. In the Lias and Oolite, reptiles attain their greatest 
development, and are the predominant forms. In the Tertiary epoch, how- 
ever, huge mammalia prevail, and these, in time, g^ve place to other and 
existing species, with Man, the highest representative of their class, and the 
crowning form of created existences. 

According, moreover, to the testimony of the most eminent geologists and 
anatomists, the human form is that, toward which, as to their archetype, all 
other organic creatures have been tending. Oken, the eminent German 
anatomist, says, " Man is the sum total of all the animals." Prof. Owen of 
England, ^'supreme in his own especial walk as a comparative anatomist," 
asserts that " the recognition of an ideal exemplar for the vertebrated ani- 
mals, proves that the knowledge of such a being as man must have existed 
before man appeared. For the Divine mind that planned the archetype also 
foreknew all its modificationa The archetypal idea was manifested in the 
flesh, under divers modifications, upon this planet, long prior to the exist- 
ence of those animal species that actually exemplify it" 

The same idea is also recognized by Prof Agassiz, who expresses him- 
self as fbllowB: — **It is evident that there is a manifest progress in the suc- 
cession of beings on the surface of the earth. This progress consists in an 
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increasmg Bimiliarity to the living raoee, and, among the yertebratefl^ esped* 
ally, in their increasing similarity to man. But this connection is not the 
consequence of a direct lineage between the races of different ages. There 
is nothing like parentid descent connecting them. The fishes of tiie Pakeo- 
soio age are in no respect the ancestors of the reptiles of the secondary age^ 
nor does man descend firom the mammals which preceded him in the Terti- 
ary age. The link by whidi they are connected is of a higher and inmia- 
terial nature ; and their connection is to be sought in the view of the CreaUv 
himself whose aun in fbrmmg the earth, in allowing it to undergo th^ soo- 
ce&sive changes which geology has p(»nted out, and in creatmg sucoessiyely 
all the different types of animals which have passed away, vfoa to introduo$ 
man upon ihe gur/aee of the ghbe, Man ia the end toward which aU the cmimal 
creaiion hoe tended from the first appearance of Ih^ first PakBozoic fishes" 

345. The study of the systems and periods of tiie geologist also leads to the 
conclusioD, that In all times past the agencies which have operated to change 
and modify the rock, materials of the globe have been the same ; that then as 
now, sands and sandstones, gravels and conglomerates, shales and days, vege- 
table and animal debris, were accumulated and consolidated in precisely the 
same way and by similar agencies. Some geologists (who have been termed 
Catastrophists) incline, however, to the opinion that geological agencies, in 
order to have produced the results recognized, must have acted in the .earlier 
epochs of the world with greater intensity, and also simultaneously over 
wider areas, than at the present day; while another class (who have been 
termed Quietists) consider the movements now going on upon the surface of 
the earth, and coming under the observation of men, as sufficient, if extended 
through indefinite periods of time, to account for all the phenomena presented 
in the crust of the earth, without the necessity of attributing to the forces 
any greater intensity of action than they now exhibit This latter belief 
(which is espedally advocated by Sir Charles Lyell in his great work, " Prin- 
ciples of Geology*^) is certamly in accordance with the spirit of right phi- 
losophy, though many problems in geology seem to find a solution only 
through the admission of the former hypothesis. 

346. Geology and the Bible*— It is sometimes urged agamst the 
study of geology, that its teachings are inconsistent with, or opposed to^ 
those of inspiration. To enter into any discussion of this subject, with a 
view of proving to, the contrary, would be foreign to the object of the present 
work; but it may not be inappropriate to call the attention of those, who 
have neither the time nor opportunity for examining the points at issue suffi- 
ciently to arrive at an independent opinion, to the circumstance, that many 
of the leading authorities, at the present day, in geology — Dean Buckland, 
Hugh Miller, Whewell, Sedgwick, Bltchcock, Eounims, and many others, 
are men whose Christian &ith and character has never been questioned ; and 
if these persons can find no serious inoonsdstency between the teachings of 
Bdence and religion, the presumption is a &ir one that none in reality existai 
"No truths established by studying the works of God can mtei^re with 
truths revealed by His "Word." 
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Although' geology maybe taught ezclusiyely ih>m a text-book, yet in no 
way can a knowledge of the science be gained bo readily and so pleasantly 
as by combining with the lesson of the book an examination of actual speci- 
mens, the Inspection of geological plates and illustrations, and by excursions 
to natural sections and to examples of rock formations. 

It is an error to suppose that an expensive cabinet of geological and 
mineralogical specimens is necessary to illustrate efficiently a course of geo- 
logical study. On the contrary, eveiy teacher and student can readily, and 
with little or no expense, collect specimens of almost every important variety 
of rock and of many of the fossils which characterize the great geological 
groups and systems. Every section of country affords an abundance of some 
classes of specimens. Thus, the coast of New England abounds in granites, 
syenites, quartz-rocks, trap-rocks, and porphyries; and the country adjacent 
to the Green and Appalachian range of mountains, in metamorphic rocks, 
namely, clay-slates, talcose, mlca^ and hornblende schists^ and many varieties 
of quartz, and crystalline limestones or marblesL In the Yalley of the Con- 
necticut, in New Jersey, Eastern Yirginia, and North Carolina, we have 
shales and sandstones of Hesozoic age ; among the CatskiUs of New York, 
sandstones and fossils of Devonian age;* along the Atlantic coast, from 
llartha's Yineyard to Texas, Tertiary strata and fossils ; in Western New 
York and throughout the Western States, Silurian rocks and fossils;, while 
Pennsylvania, Yirginia, North Carolina, and almost every State West, afford 
magnificent examples of the coal formation, with its characteristic fossils. 
In all these sections of country, moreover, there are always numbers of per- 
sons who will gladly and freely exchange suits of specimens from their own 
localities for those of other and remote districts. 

Asa guide for collecting; it is suggested to teachers and students that they 
should first endeavor to obtain, and render themselves thoroughly familiar 
with, the following specimens:-^ 

Bock Specimens. — Qramte; Syenite; Gneiss; day-Slate; Clay-Shdle; 
Mica-Schist; Takose- Schist; Rombtende-Schist ; Quartz-Bock; Porphyry; 
Greenstone; Basalt; Lava; Serpentine; Limestone, crystalliaedf earthy , and 
magnesian; Sandstones, red, white, and brown; Marl; Calcareous Tufa, Stal- 
actiie or Stalagmite ; Conghmenxte ; Coal, anihradte and bituminous; lignite. 

MiNSRALS, which are the essential components of important rocks, or 
are frequently embedded in them i-rQy^artz, crystallized and massive; Agate ; 
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C^kahethny; Jasper; Cfanui; JBbnMende; Itidtpar; IBea; Augite; Ttite; 
SUaUie; TimrmaUne; Oakareoiu Spar; Sulphate of Lme^ or Gypsum; 
Sulphur ; PktmJxigo ; Bitumen ; JBUuminous Shale i BaarytcL 

Ores of the Mbtaib. — Iron Pyrites {sulphide^ or eutphwret of iron)} 
Magnetic Oxyd of Iron; Red and Brown Bematite; Bog-Iron Qre; Orescf 
Manganese; Galena, or Sulpkuret of Lead; NaUgis Copper; Carbonates and 
Sulphiurets of Copper; Med Oxyd of Ziac; Blende, or Sulplhiwret of Zinc 
Ores of other and rarer metala, as of Tin, Gk^ Silyer, Platina^ Cobalt^ 
Kidcel, AntinKmj, etc^ can be added if oonyenient 

Those who would prefer to pnrdiase rather than collect their specimens, 
can obtain elementary geological and minendoglcal collections of dealers 
ia New Yoric Oity, at moderate prices.* At the same time, the personal 
collecti(m of G^>ecimens is to be recommended whenever practicable, as the 
information obtained in so doing is of the most lasting and practical dmracter. 

Oollectioaa of characteristic fossils of the different geological STstems are 
mncb more difficult to obtain than collections of characteristic minerals and 
rock specimens. Deficiencies in this respect maj, however, be supplied in a 
great degree by reference to the plates and figures given in most of the ex' 
tended works and reports on .Geology and Palaeontology. Thus, the Eeports 
of the G^logical Survey of the State of New York figure, with great minute- 
ness, the fossils of the Silurian and Devonian rocks found in that State ; the 
Beport of the Survey <^ Pennsylvania^ the fossils of the Carboniforous sys- 
tem ; and that of North Carolina, the fossils of formalaons of the Mesozob 
period. No difficulty, however, inO. be experienced in obtaining specimens 
illustrative of all the conditions in which fossils occur ; as true petri&ctions^ 
incrustations, casts, impressions, etc. ; and also of specimens of rock-masses 
which have been formed by the aggregation of particles or fragments of 
organip structures, as of shells, corals, encrinites, eta 

WhaWer may be the text-book used, the teacher will find it very advan- 
tageous to have other Ixx^s on' the subject of geology at command, firom 
whidi he may, from time to time, illustrate any particular subject under ocm* 
sideration, by reading or quoting examples or descriptions of phenomena^ or 
by exhibiting plates and diagrams additional to those induded in the lesscm. 
^ this way, the recitation may be made to partake of the character of a 
familiar lecture, and the interest of the student h encouraged and sustahted f 
and tmless, in* the study of the natural sdences, the interest is awakened, all 
routine instruction -^^ profit but very littia Among the books especisHy 
worthy the attention of teachers and students, tiie following may be recom- 
mended: — ^First^ the Beport of tiie C^logical Survey of one's own State. 
In most of the States such reports have been publi^ed, and can often be 
procured gratuitously. They thmish local examples of geological phenomena, 
information respecting the age and charact^ of the rocks in one's immediate 
vicinity, and the loctdities where specimens of particular rocks, minerals, and 
fossils are obtainable. Within tiie last fow years many reports of Geological 

* FnrCher information on this subject osn be obtained of the PnbHBhera of this work, 
ICflssrs. iTxaoir, PrnmixT & Ca, 48 db 00 Wslker^treet, Neir Tork. 
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Snryeys c^the IT. S. Territories hare been also Issoed and distributed gratoi- 
tonsty by the National Govemment Manj of these aie readily aocessiblo 
in every section of the country, and contain much valuable infonnaticm, with 
numerous Maps, Sections, and Illustrations. 

From the fbUowing list of leading, and for the most part inexpensive geo- 
logical treatises, selections can be made according to one's inclination and 
ability -.—LyeU's '^Elements of CMogy;'' Lyell's ''Pnncipi^ of GtcHogy'' (this 
woric is a storehouse of &ct8 relative to current geological events) ; De La 
Beche's " Geohgiedl Obaervtrf' KanteU's " Wonders of Geology f^ Kantell^s 
^^MeSab ef OroaHon^ (an elementary English work on PalsBontology); Hugh 
Miller's "< Tegtimony of the Socks,'' '* Fbpular Oeohgy^' '' Old Bed Sandsioney'* 
''IbotprmU of ihe Greaior;" Hitchcock's " OtUUnes of fhe Geology of ike 
Globe;'' Hitchcock's "^Mlustraiions of Surface Geology;" Emmons's, Hitch- 
cock's, Jukes, and Ansted's Ulementary Treatises on Geology (the last two^ 
English publications); Page's "M^md-Book of Geological Termed' (English); 
Taylor's *^ History and StaUstics of Coed;" Buckland's ^^Bridge/water Treat- 
ises;" Dana's ^^Elememtary MifMraOogy" etc. A popular account of all the 
new facts and theories in geology, reported for each successive year, wlU 
also be found in the v(diunes of the Annual of Sdentifio Disoov^y. 

Geological ezcorsionB to localities of interest afford an opportanity for ob- 
taining much practical information, conjointly with healthful outdoor exer- 
cise and recreation. It n not necessary either to travel miles or days to find 
such localities. Sea-cUi&, river-channels, the sides of ravines, mountain 
precipices, road and railway cuttings, stone-fences, (day-beds, sand and gravel 
banks, quarries, and mines, all these are geological localities of interest; and 
ahihoi^h one may have seen them every day for years, yet when examined 
for the first time, fix>m a geological point of view, they will be found ex- 
pressive of many varied and interesting truths. 

'^ In a new azui progressive science like geology, which has still sudi a wide 
field of exploration before it, and which calls in the aid of so many of the 
other sciences, there is ample scope for the energy and industry of the most 
talented and enthusiastic One individual may devote himself to the mineral- 
ogy of geology; anptiier to its phyaioal problems; a third to fossil plants; a 
fourth to fossil animals ; a fiXth to the economic relations of the science ; and 
a sixth endeavor to find expression for the general laws which it indicates; 
while all may go on as one great brotherhood in the elucidation of the his- 
tory of the marvellous world we inhabit. And whether in collecting data 
among the hills and ravines, by the sea-cliff or in the mine, or in arranging 
and drawing fit>m these data the warranted oonotusion, Hie earnest student 
will find geology at once one of the most healthfUl and exhilarating, as it is^ 
intellectually, one of the moi^ expanding of human pursmts. And even 
wh^a no professional object is aimed at, the man of business, the health- 
seeker, and the holyday tourist, will find it an endless source of recreation — 
one that need never intofere with the comfort of a neighbor, or bring to the 
observer one pang of mortification or regret.'* 
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100. 
AoepbiJa, 188. 
Acrogent, ISS. 

Adirondae Monnteiofl, geology o^ 907. 
Agates, wbMt are, 19. 
Agendes, Aqaeoai, 188. 

Tgneona, 99. 
Air, action o^ on roekM, 184. 
Alabaster, wluit it, 69. 
Algn, irbat ara, 186u 
AllaTinm, irhat ia, 4& 

Tariooa naet of tlie term, 814. 
Alpa, geological age of; 2H, 
Alamtaa, 18. 
Alnminnm, nature of; 18. 
Alnminoaa MinwraU, cbaraoteriatica of; 19. 
Amber, 882. 

AmericM, B., eleratfoa of the ooaet of, 183. 
AmethjKt, what is, 19. 
Ammonite, 867. 
Amydaloid, 89. 
Anhydrons, definition of; 84. 
Animal and Y^^table Lira, relations of, 183. 

Kingdom, dirisions <tf, 186L 
Animals, distribution o^ 193. 

first appearance of, 808. 
recent extinction oi; 816, 8fla 
Anoplotherinm, 888. 
Anthracite Coal, irhat is, 845. 

▼here found, 840. 
Anticlinals, what are, 77. 
Appalachian Mountains, hdght of; 14 

when elevated, 848. 
Aqueous Agencies, 133. 
Aqueous. Bocks mechanically formed, 47. 
of chemical origin, 61. 
of organic origm, 61. 
varieties of the, 47. 
Arctic Regions, ancient temneratore of; 102. 
Argillaceous, definition of, 80. 

SUte, 02. 
Articulata, varieties of, 183. 

what are, 183. 
Artesian wells, 140. 
Ash of coal, 245. 
Asterolepis, 827. 

Atmosphere, geological action o^ 138. 
Atmospheric Agencies, 138. 
Atols of the Pacific, 104 
Augite, what is, 83. 
Australia, Tertiary fossils of, 893. 
Axis, anticlinal, 77. 
Azoic Period, 178. 

scenery of, 204 
.Asoic Books, 803. 

Bad Lends of Nebraska, 291, 892. 
Basalt, what is, 88. 

colnmnar structure of 89, 90. 



Beaches, andent sea, 800. 

'* inNewEoe^aiidfSOO. 
Bee, fosdl, 282. 
Belemnite, 8Kr. 

Birds, extinct, of New Zealand, 817. 
Birds* tracks, fossil Impressions of, 886,80^ 
Bivalve shells, ISa 
Bitumen, 240. 
Bog-Iron Ore, 00. 
Bolca, Mt., fbssa fishes of; 884 
Bone Caverns, 809. 
Borax, where found, 80. 
Bowlders, what are, 49. 

size of some, 898, 899. 

transportatkm of; 806. 
Bowlder f<Nrmaaon, 29$, 
Breccias, 60. 

Bricks, red, cause of color in, 8S, 
Bubr Stone, what is, 19. 

Caen Stone, 258. 
Cainozoic Period, 178, 276. 
Calcareous, 18, 20. 

tufh,63. 
Calcium, distribution o^ 18. 
Calciferons sandrock, 212. 
California, hot sprhws <^ 119. 
Cambrian System, 208. 
Cannd (ooal^, 246. 
Carbon, as an element, 17. 
Carboniferous System, 829. 

divisions ot, 899. 
fossils of, 889. 
vegetation of, 836. 
Casts of fossils, 181. 
Catskill Mountains, geolMdcal formatfoii ofl 

824 
Caverns, ossiferous, 309. 
Central heat, 100. 
Cephalopoda, 183. 

Chalk and Greensand, origin of; 870. 
what is, 209. 
where round, 209. 
Chlorine, distribution of, 17. 
Chlorite, what is, 23. 
Chlorltic Schists, 03. 

Classification of Bocks, geological, 107, 17S. 
Clay, common, compocdtion oL19. 
CUy-SUte, 02. 
Clay-Stones, what are, 80. 
Cleavage, origin and nature of, 84, 86. 
Climate of the Carboniferous Bpoeh, MSL 
Clinkstone, 39. 

Clinometer, use of, for finding dip, 70. 
Coal, annual production of; 847. 

anthracite, 246. 

ash, what constittttes, 2l0i 

bituminous, 244. 

eannel, what is, 246. 
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OotL diikrnmtlmiotMT* 

foHnftOoii of; theorj ot 340. 

lmpnrlfti0«tii,S4S. 

nugnitade of fho depodts of, 840. 

pUnta,foMll,S86-888. 

proof of the TeiceteUe origin oi; StfiOL 

■eunt, ooeamaoe of, Sil, 24S. 

■pontaneoa* oombmtlon ot^ M5. 

I^eorj of the Ibnnatloa of; Mi. 

Tmrieties of; 844. 
Comete, density of, 188, 189. 
Conchol<^7, defined, 188. 
Coneretloni, wlgin end Tsrietles of, 8flL 
Conferm, wliat are, 186i 
ConfoniabiUtj of ttnta, 77. 
Conc^omentee, vliat are, 40. 
Conneeticnt YaUoT 8>ndgtone«, IbMilf of; 

866,897. 
GepnOlM, wluit ME^ 910. 
Conl islandi, 164. 

reefs, extent of, 163. 
Conis, formation of; 168. 

of ttie Ctebonifinroas Epodi, 881. 
of tlie Silnrlan2216. 
Contortions of strata. 79. 
Creati<m, plan of; 179. 
Cretaoeons Epoch, life oil 878. 

0jBtem,86O. 
Crinoids, what are, 88I. 
Cmstaoea, what are, 189. 
Gmst of the earth, what Is, 18. 

nature of tiie original, 

199. 
thickness of, 18. 
Orjptogamia, what are, 186i 
Gteaoids, 198. 

CycadacesB, nature of the, 864. 
Cycloids, 198. 

Dead sea, depression of; 16. 

Delto of the Sfississippi, l&i, 818. 

Deltas, what are, 168. 

Devonian System, distrlbatlim, diriiioniL 

and fosrils of, 888-888. 
DiaUage, what is, 40. 
Dikes, rock, what are, 9fk 
DilaTiom, 48. 
Dinomis, 817. 
DtnothMtam, 890. 
Diorite, what is, 88. 
Dip of strata, 76. 
Dodo, extinction of, 817. 
Dolerite, what is, 81, 66. 
Dolomite, what is, ^8. 
Drift, 896. 

antlqaity of, 807. 

diffoskm of, 898L 

formati<ni, 896. 

fossils of, 808. 

|dacial,a8& 

fimits of; 897. 

what is, 43. 
Drift-formation, 896w 

theories of; 804. 
Drifl.stri«, 80L 
Dunes, or Downs, of sand, 186L 

Earth and rooks, non-eondnettng properties 

of; 108. 
Earth, axis of. possible ehaage In, 11. 

efaange in the tennerature of; 108L 

flmst at, what is tike, 11. 



Eartk,deHlty,ll. 

eleration and depresnon of the nr- 

fhee of; 181. 
exearatlonsln, greatest deplli of; 14b 
figure of, 11. 

former gaseous ocmditloB oi; 1861 
heated interior of; 101. 
highest mountains of ttie, 19L 
planetary relations of, lOL 
surikce eonfiguration of, 18. 
sorfSMse of; how modified by Ignaons 

agencies, 181. 
temperature of, at Its eentff , 100. 
thickness of the erost 0^ 18, lOL 
Earfh*s sucfiMe, area of, 16. 
Karthqnake, definition of an, 114. 

notions, 114. 
Earthquakes, duration of; 118w 

of,ll& 
rn (loth century), Ufii 
rksUe, 116. 
tiieory of; 117. 
where occur, Hi, 
Echinoderms, what are, 190. 
Eggs, gigantle fiBSsO, 819. 
Elementa, number m, 16. 
Elephant, fossU, 816. 
Elephants, swamping of, 816. 
Emmons* Taconic Tneorr, 806w 
Encrinites, structure of; 888L 
EogUsh Channel, how fSormed, 166. 
Endogens, plants, 184 
Eocene, fossils o/ the, 884-887. 

Tertiaries, 879. 
Equlsetacen, 186, 887. 
Erosion by water, examples <^ 167-169. 
** Erratic Block Group,*'^9fi. 
Eruptions, Tolcanic, phenomena <^, 107. 

«* remarkable, 110. 
Ereri^es of Elerida, formatiaa tt, 166L 
Exogenous plants, 184. 
Expansion of rocks by heat, 186. 

Fault, defined, 88. 

Faults and dislocations, 88. 

in the Coal Measures, 948. 
Feet, impressions of, in rodc-strata, 907. 
Feldq^, composition of; 88. 
Ferns, arborescent, 886. 
Fingal's Cave, 91. 
Fire-clay, what is, 90. 

Fishes, character of the eartlest known, 888w 

dassifioation of, 187. 

forms of tails o^ 198. 

fossil, classification of; lOa ^ 

Flexures of strata, 79. 
Flint, what is, 19. 
Flints, gun, 87, 878. 

of the cha^formalion, 97S. 
Foldings of strata, 79. 
Foliation, 86. 
Foraminifera, 871; 
Foiwts, fbssQ of the OoUte, 966. 
Formation defined, 80l 
Fosril, what is a, 98. 
FoasU animals, number of, 196. 
Fossils, dilliBrent forms of; 181. 

general characteristics of; 1861 
the oldest known, 808. 
Freestone, what Is, 60. 
FrosL action of, on rocks, 186, 
Fungi, what are, 166k 
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Hunnlu Bnt«Ri, Soa. 

Hatbm'a ■BDlaglisl Tisn, in. 

Hjrbrldt, wbit tie. 180. 

Hjrdnt*. vbU ii >, M. 

HrdnHUboiu, irh&t aro, U< 

Bydrcwen. diacrlbntisD o^ in tba ewth, IT. 

^^iKHinnu, SSI. 

BnnrnlMiH rock, BS, 4S. 

Hrpoiok TiH^ 906. 

Ibs ud nwir. awloglal ictlini at, ISB. 
iMberii^ bmr fbrmad, 141 
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Juipra, diflidtloii ot If. 
Ja^ viut ia, Ml. 
Joint! in rooki, 81, 
Joiudg SyUem, aOi 



Etagmrooc, fBiidi,!! 

LitiTrintbodim, tli« SM. 
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lOmmotk, gnftl IbMn of SIlMrte, 80S. 
remains of, in naahuid, 8Ct. 
In fho United CMftlaa, 81«. 
Man, fouQ renudni of, 831. 
geologioal •poA of, S20l 
brt of Creation, 838. 
Manganeae, hydrate t^ 60. 
Marble, deflnition of, 20. 
Marl,deftnitioaof, 60. 
Manupials, characteriatlea of the. Mtt. 
iSoaril, of Awtralia, m 
what are, 184 
Mastodon, epoch of, in North ▲merioa, S1& 

larmet ikelekon of; 814 
Megalonyx, 813. 
Megatoaaams, ML 
M«atheriam, dMor^ptlon oi; 811, 
MdaphTre,40. 
MoMwoie Farlod, *iniBlwirtiM<i; 2T8. 

rocka, 178, Ma. 
Me«a]|lo<v«ina,84. 
Metals, most abandaat, 18L 
Metamorphio rooks, charatilerliiieg oil M. 

in United 8tat«^ 19k 
Metamorphiam defined, 61. 
Mcisorites, oriffin oi; m. 
lOBk, what i8,l8r 

S4shi8t or state, M. 
Mineralof^ defined, 10. 
Minerals, ealcareoos, what are, Mi 
eommoo,84. 
rilioeons, iriiat are, 18. 
Mines, deep, tempenctore U, 100. 

deepest in the world, 14. 
Xiooeno sfevata, 8T9, 380, 381. 
Mississippi, bloft of the, 814 
delta oi; 164, 814 
Ifissoori, iron ■umntaln of, SOT. 

Moa, or ezttnot bird bf New Zealand, na 

MoUosea, TarietieB of, 187. 

Moon, geolosy 9i, 181. 

Moraines, what are, 140. 

Moaasanras. 874 

Moontains, highest en the aarth, U. 

Mnd-eraoka in strata, 800s. 

Mjlodon, 818. 

K«lhraska, *• MaoTaises Tenred** of, SM. 
Nebnltt, forms of, 136. 

what are, 136. 
Nebolar theory, 136^ 130w 
New Orleans, geological formatiea ett 161. 
New Red Sandstone, 36a 
New York, fossU corals fenad in, 316. 
New Zealand, animals of; 8W. 

extinct bfardsoi; 811. 
Maguia, g ee togi e a l action of, 161. 

geological aoe of, 806. 

godnles, what are, 84 87. 
omenelatttre, g e olo gi cal, prlaotoles of; 178. 
Nnmmnlites,388. 
Nnmmnlitlo limestone, 883. 

Obsidian, 84 

Ocean, aadent eroslTe action of; 168. 

depth of; 16w 

eroding power of, 166. 
Oceanic correnu, action of; 166, 168. 
Oils, natural or rock, 844 
Old Bed Bandstone, dasoflatiQo ^, 838. 
OttTiM,8T. 
Oolite, deflnitioaoi;3L 



OoUtle Syslsm, 804 

Order of creation, 838. 

Organic aflendea, 160. 

Organisation, adaptation of coaditioii to, 184 

Omkan J sandstone, 884 

Orthoceratltea, 814 

Ossiferoas caywrns, 809. 

Outcrop and strike, 74 

Oxyd of iron, distribntkm oil 84 

Oxygen in rocks and mlnnTals, If. 

Fachydermata, what are, 384 

fbasU,384 
Pabeotherinm, 888. 
Fatooaolc Period. 174 

rocks, 810. 
Palnontelogy defined, 14 
Pulisades on the Hndsoii, 84 
Palms, iMsH, in England, 881. 
Pampas of South America, fonaatinn o£ 81L 
Paris baain, Iborfls of the, 888. 
l^at,164 

reUtiaBci;tocoal,844 
Periods, geologloal, 174 
Permian Systm, 844 
Petrifaction, what Is, 184 
Petroleum, M4 
Petrology, definition of, 68. 
Phaaeiogamia, 184 
Phosphorus, in rocks snd mineralik IT. 
Pitch lake of Tilnidad, 841. 
Pittsburg^ great coal seam ofl 344 
PhMoids (fish), 191. 
Planets, density of, IM. 

geology of the, 181. 
Plants, distEllHitlott oi; 184 

of the Carboniferous System^ 884 

yarietiea of; 184 
Plesicsanms, 868. 

Pleistooene era, formations of tlM^ 884 
Pliocene strata, 379. 
Plumbago (Black-lead), 844 
Plutonic rocks, 84 
Porphyry, 84 
Post-Tertiary Epoch, 814 

formadons «i^ 814 
economic products <^ M4 
Potassium, as a eonstituci^ of locks, 18. 
Potsdam sandstone, 814 
Prismatic structoss in loAs, 89, 84 
Protogene,44 
Protozoa, 190. 

Pterichthys, or winged fish, 394 
Pterodactyle, description of the, 864 
Pumice, 84 

industrial appBeations of; 84 
Pyramids, stotte used in building of; 884 

Quarts, definition pty 14 
crystala, 19. 
rock, or Quartdto, 98, 64 

Badiata, what are, 189. 
Bain-drop impreariona, fMsU, 904 
Bain-Cill of; in difltarcnt oountries, 184 
Bain, geological action of; 184 
Becent geological tormattcns, 814 
Bed BIyer rsA, 160. 161. 
BeptUes, age of, 364 

earliest known, 837. 

of the Tertiary Syiten, 984 . 
. reign of; 817. 
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SopanUiu, irlut li. SJ, ST. 
WlwrU, fOoU eh^luat 0^ m 
HfUlsria, SS8. 
'8dle^MtlMi»fl»tnt«Ton,lTl,im 
prlBdpal fom* of, 1& 

■Tttfidil, aiuq^ of, SO. 



foam of, HI. 



Blnthuliun, WI. 
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Shufci, fHril, !S.. 
BUMP, gBDlo^al igs of the, W; 
Bbotb, TurisBooClsa. 
BUorlu Sjvtem, 110-921. 
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fteatiott, how pfodnod. TO. 

tad naka. flnt formad, MK 
Stntom defluad, W. 

of iDTarlaUa tampsatm*, 100. 

am In toakikOl. 

I (of itrUa) dednad, Tt. 
Bnlpbni, nMonl oawioHa oC IT, SB. 
flnden, nibddeiKeofIiadlfl,m. 
BTmlte, vbat U, 49. 
" — "Ml Kria, whit 1. ^ IT. 
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iaachM.S3. 
TalDi, daftnlllaii of a, ISO. 
Teath, taSa, ofaharka, ISO. 
TeiDpaiWara of Uia iwlh, 100. 



87«tem,SI8. 
Thallo^rtaa, 186. 

TIdea, (o^bial aotton of lha.lM. 
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ehaniteilatlol of tba, SI. 
prlammUA atraotora la, 00, Ml 
TailaUea at OS, 
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Tr a Tgr tfa e, 88* 
Tree fenu, 2861. 
Trias, 250. 
TriMsio System, 260. 
TriloUtes, vbat sre, 214. 
Tufa, calcareous, 63, . ^, ^ 
Tnfi; or Tofa, definition of; 84, 89. 
TnrriUte, 274. 

Unoonformable strata, 7T. 
United States, eievatioa and salMddenoe Of 
land in, 128. 
Toloanoes in, 104. 
Untralve shells, 188. 
Unstratifled rocks, 26. 
Upper BEorian rocks, 219. » 

YsDeys of erorion, 150. 
Traetable Sngdom, dasrifleations o^ 184. 
life, first traces upon the earth, 

208. 
Hfe, geological inflaenoes of; 160. 
VMetatlon, hoir converted into coal, 221 
Veuis of Igneoas rocks, 98, 95. 
iuJection, 93. 
segregation, 98. 
Yennont, foasll tropical plants found In, 281. 
Vertebrate, what are, 186. 

animals, dassifieatUm of, 186. 
Virginia, Eastern, coal-fields of; 254, 256. 
Yolcaiiic action,lorce o^ 112. 

districts, sor&ce configoratlon of; 

|^afli,84 



Yokanie roeks, 82. 

focks, irhere oeeur, 861 
Yoleaao, what is a, 82. 
Volcanoes, craters of; 106. 

eruptions of; lOT. 

extinct,! or, 118. 

geographical distribution of; 106. 

m ue moon, 182. 

mud, 109. 

number of active, 103. 

products of; 86, 86. 

sise of craters of^ 106. 

submarine, 88, 110. 

subterranean connection of, 118. 

Wad, or wadd, 601 

Water, erosive power of; 160. 

in rooks and minerals, 24. 

power, origin and source <rf; 11. 
Watfs (aregory) experiments on basalt, 92^ 
Waves, geological action of, 166. 
Wealden formation, 262. 
fossils of; 268. 
Wdls, Artesian, 146. 

temperature of; 100. 
Wemei's eUsslfieation of rodu, 178. 

geological views, 171. 
Winds, geological action of the, 186. 
Winslow's theory of earthquakes, llBi 
Wwms, a dass of articnlata, 189. 

Zeui^on,289. 
Zoophytes, what are, 108. 
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Petrifibd Forest.— The San J< rancisco ^cui i 
ffers the following theory as to the formation of 
he famoos petrified forest near Mount St. Helena, 
Jal. : During one of the periods of St. Helena's 
oloanio activity— we assume that St. Helena was 
he one— it poured out a great abundance of ashes, 
ome of which, whether dry or wet, in the form of 
Dud, filled in what was then a vaUey, ten miles 
outhwest of the summit of the mountain. This 
^alley has its redwood trees, which are buried to 
I, distance of twenty or thirty feet above their 
oots. The ash or mud hardened into rock ; the 
rees died, and the tops, exposed to the air, de- 
cayed away and disappeared. The buried por- 
ions of the trunks also decayed ; but as they did 
lo the water, trickling down, carried with it sand 
ind soluble minerals, which crygtftHized in the 

place of the disappearing fiber until the vegetable 
bad been replaced by a mineral trunk, with the 
form, the size, the structure, the vertical grain, 
the knots, and even the concentric rings, showing 
the annual growth of the origihal tree. This 
petrifaction was harder than the surrounding 
sandstone, which, in the course of centuries, was 
washed away, leaving the stone trees standing, 
but when the erosion got down to the lower end 
of the petrifactions a little unevenness in the sur- 
face deprived the trees of their proper support, 
and they fell, breaking into shorty- transverse 
pieces, as we now see them. The fracture is of a 
kind that could not be made in a vegetable fiber, 
and that we should find very difficult to make in 
stone while lying down in a solid surface. The 
concussion of K fall of a brittle material e^tplains 
it. There is, we believe, no known instance of 
petrifaction in open water« Petrifaction requires 
decay of the organic material, and wood is pre- 
served, not injured, by water. The condition 
most favorable for petrifaction is an inclosure in 
a sandstone mold, with a mild temperature favor- 
ins: slow decay, an outlet through the sandstone 
for the decayed material, and a continuous but 
slow infiltration of a fiuid saturated with lime 
or other crystallizing minerals. These were the 
conditions at the Petrified Forest. 
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